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KLOEOD 


PREFACE, 


Although the induction ecil is one of the eldest forme of 
electrical apparatus, comparatively little progress has been 
made toward rendering its design an exact science, There 
are several reasons for this lack of progress, the most in 
Portant of which are the following: The limited field of 
application, the method of rating by length of secondary 








Kk, erroneous assumptions in the mathematical tr 
ment of the theory, non-uniform performance of inter 
rupters, and lack of instruments suitable for experimen 
stundy of the performance. 

The field of application has within the past few years 
spread from the laboratory and lecture room to medicine 
radiolegy, wirclees tclegraphy, gas-cngine ign 
that today the induction eoil is a much a commercial 
machine as is the electric moter. The constantly grow 
inge commercial importance of this type of apparatus and 
he Tack of an exact and definite treatment of its theory 
and performance, determined the writer to undertake the 
translation of H. Armagnat's most exellent work, 

In thie work the author has recognized the extreme i 
portance of the interrupter, and has devoted a generou 
Porlion of the work to the treatment of the theory, con- 
struction and operation of the various types now used, 

Ir is well known that the design of induction coils is 
almost entirely empirical, due to the lack of exect knowl- 
edge upon which a practical working theory can be based. 
Ho Armagnat has done much toward clearing up the ob- 
scure points, and his work marks a decided advance 
toward the day when the induction coil will be caleulated 
for a given service with the same assurance and accuracy 
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iv PREFACE, 
as we now calculate transformers. All of the author's 
theoretical deductions are based upon and checked up with 
actual results, and the book contains a selected collection 
of ossillograms illustrating the points under discussion, 
To the bibliography covering the period from the be- 

ning to 1904, the translator has added the most im- 
Portant articles which have appeared up to date. 

New York, March 2, 1908. 
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2 INDUCTION COILS. 


other hand circuits ia which the fines do not leave the 
iron are called closed magnetic cireuits (Pig. 3). 

The secondary circuit consists of a coil, which is generally 
placed outside the primary coil and well insulated from it. 
The winding of the secondary coil comes into one of two 
general classes according to the method of winding. These 
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classes are the solenoid or cylindrical windings, and the 
hilical or disk windings. The fist is made by ysiming con- 
tinsovs spirals upon a eylindrical mandnl (Fig. 4, while 
the second is composed of a number of elementart coils 
scparated from cach other by insulating disks an connected 
together (Fig. 3) 








No matter which gort of construction 











is used the ends of the windi 





are connected to the binding 
poste or termingls, 2 B (Fig. 1). 

In oriler ts produce the fuetuations in the primary cur- 
rent which are necessary in erder to generate ¢.mn.fs. in the 
secondary, an interrupter, /, wh Iy opens and 
closes the primary circuit, is connected between the winding 
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and the source, P, Interrupters may be divided into two 
clacces, namely: Mechanical and electroly' 

‘At the moment when the primary c 
spark is produced at the point of rupture, and at the same 
time a great deal larger discharge takes place acrass between 
the secondary terminals, The former is due to the self 
induction of the primary circuit, which tends to maintain 
the current even after the cireuit is opened. The latter is 
produced by the mutual induction between the primary 
and the secondary, 

To distinguish between the two one is called the primary 
spark and the other the secondary spark, or simply spark, 

In order to redace the primary spark and increase the 
secondary spar, a condencer, X (Fig. 1), made of sheets of 
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tin-foil, wparaied bysheets of insulation paper. mica, thin 
glass etc, is shunted around the interrupter, / 

‘The e.m.{ of the source causes the primary current to be 
established and the rupture of this current, by the ine 
terrupter, develops, in both circuits at the same time, 
emas. which are infinitely greeter than that of the source; 
these ¢.m.fs, produce potential differences at the secondary 
cerminals, BB, and at the point of rupture, which are 
sulficiently large to cause ‘The ems developed 
in the primary is called the em4. of self-induction. the other 
is called the cocondary emf The ratio between these 
two e.m{s. is approximately equal to the ratio of thenum~ 
ber of turns in the respective cirexizs. This ratio is called 
the ratio of transformation. 
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4 INDUCTION COILS. 


In order that the sparks may pass between two pointe, 
it is necessary that there exist between the points a po- 
tential difference, the value of which depends upon the 
form of the electrodes, the distance between them and the 
medium which separates them, The critical potential 
difference ir called the striking voltage and the correspond 
ing distance the striking distance. A epark can only be 
produced by breaking down the dielectric which is inter 
Posed between the elbctrodes; the striking voltage is 
greater according as thediclectrie strength is greater. Unless 
specially stated, when we speak of striking voltage or strike 
ing distance, it is understood that the dielectric is air at 
atmospheric pressure. 

‘When the interrupter closes the circuit, the current in the 
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primary does not immediately reach its normal value, but 

rereases at a rate which deyenils upon the selt-induction 
and the recistance of the primary circuit (Pig. §). This 
ph is shown in the curve plotted hetween time and 
Primary current, ‘The form of this part of the curve 
depends ujrm the ratio of the coefficient of self-induction, 
L, of the primary circuit to its resistance, R;this ratio L +R 
is called Ue time constant. After the circuit has been 
broken it remains open for a time, B. The sunt, A+B of 








these two times is called the puriod, T, of the interrupter; 
the reciprocal of the period is called the frequency of the 
interrupter, When in continuous operation the frequency 
isequal to the number of breaks jer second 

At the moment when the circuit is broken, electric 
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oscillations are set up in both circuits, Since it is possible 
for these oscillations to have different periods, they are 
designated as primary oscillations or secondary oscillations 
according as they have their origin in the primary or 
secondary. The frequency of these oscillations is always 
defined as the reciprocal of their period and not by the 
number of oscillations per second. In fact a discharge 
can take place in a great many ways. ‘The spark may be 
silent, clear yellow and surrounded by a corona; in which 
case it has a frequency very nearly equal to that of the 
secondary current, It may be white, and give off a erack- 
ling noise; in which ease there are great many discharges 
of exceptionally short periods for each secondary oscilla 

tion; these are called high-frequency sparks, That which 
is often called the frequency of the spark is nothing other 
than the frequency of the interrupter, because the eye 
perceives only one spark for each break of the circuit. 

‘The value of the current in the primary may be taken as 
the maximum reached jast at the moment of mupture; 
this is the most important value; and is called the initial 
value, 

A continuous-current ammeter connected in the primary 
irenit will show simply the mean value: this value is useful 
simply in dewermining the cuyrent consumption ; it does not 
throw any light upon the effect produced, since this de 
pends upon the form of the current curve and the length 
of time, M, that the circuit isopen, Sometimes altemating- 
current ammeters are used to measure the primary current; 
these instruments give the effective current values, that i 
the square root of the mean value of current squared, 2 
quantity which has nothing to do with the phen 

At each elo 
energy is st 
released 1 
of this ene 
according to the power af 
this quantity of energy 
giving an escessive power of short duration, 





























ing of the interraptor a certain amount of 
vary. a part of this energy 
the secondary. The sterin 
RY requires a time which is longe 
source; but att 
ased ina very sh 
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6 INDUCTION COILS, 


‘This explains why with avery small amount energy 
such powerful mechanical effects, such for instance, as 
piercing blocks of glass, can be produced. If the total 
number of discharges taking place during one second are 
considered, the mean value of the power output, which is 
obtained. ‘The 
energy transformation does not take place without losses: 
the currents in the circuits cause heating; this consumes 
energy according to Joules law: i.e, the copper loss. ‘The 
iron in the core is altematcly magnetived and demag- 
etized, and becomes heated by hysteresis. Because of 
these losses the energy output is buta fraction of the energy 
input; the efficiency it the ratio of these two, or it is the 
ratio between the mean power output and the mean power 
input, In this book no other use will be made of the 
word efficiency. 


much less than the instantancous value, 























CHAPTER I. 


HISTORY. 





2. Historical résumé—The question of priority’ of die 
covery and construction of the induction coil, is indeed 
dificult to determine at the present day. The papers of 
that period give very vague indications; expressions. are 
emploved in so many different ways that we are obliged 
to fall back on later documents for accurate accounts. 
Eve witnesses themselves vary in their accounts, Du 
Moncel, for instance, after having, in bis" Not 
Yappacel dinduction de Ruhmkorff.” attributed to 
Rulimkorff all the credit of the practical realization of the 
induction coil, contradicts all this in his" Applications de 
Valectricité” 1873, The cause of this contradiction is a 
pamphlet by Page, “History of Induction” (DB. No. 
16),* published in America in 1807. This pamphlet i 
owt of print and cannot be found to-day in the French 
Iibrarics. This publication, which appears to have beet a 
inet the Volta prize awarded 1 Ruhmbkertf, is 
'3 long eulogy on Page, by Inmelf, Unior 
Jy, there remain few documents which may be used 
fHirmations made by Page, except as far as 
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very small difference of potential in order to produce a 
spark between two points which are at first infinitely: close 
together and are dravn apart; it is also assisted by the 
particles of metal, which in many of the eatly experiments 
were torn loose at the points of rupture. On the other 
hand, the secondary spark having to break down a gap of 
constant Tength, requires a much greater difference of 
Potential. That which has long been called the Ruhmkorff 
coil, is a device permitting the formation of secondary 
sparks, To-day the name “induction coil "' is most gen- 
erally employed in this sense. 

Induction having been discovered ia 1831 by Faraday. 
‘The year following, Professor Henry of Princeton (B. No. 1) 
observed that 
circuit, the spa 
The fact attracted no notice; then in IS (B. No. 2) Dal 
Negro called attention to it again. ‘The spark at rupture 
was due to the “extra current” at rupture, as was simul- 
tancousty found by Jeakins & Masson (B, No. 4). 

During the following year 1895 (B. No, 3) Henry pub, 
lished! another article, i which he shows that the effect of 
the rupture is increased when the wire is wound in spirale 
and when iron is placed inside of the spirals (Henry made 
his experiments with flat spirals). He notes the shock 
Produced by the “extra current” and he tells of the igni- 
ion of explosive gas mistures with the spark, He explains 
all those effeete by the induction of the spirals upon one 
another. 

In his memoir of 1837 (B, No. 4) Masson notes the same 
facts as Henry. He uses coils instead of spirals, and he 
points out the influence of iren in the coils, and the use of 
the toothed wheel for obtaining a succession of shocks. 

In 1847 (B. No, 6) the name of Page appeared for the first 
time in Europe. The article reproduced in Sturgeon's 
"Annals of Electricity" is a letter dated from Salem, 
Massachusetts, May 12, 1816, which purports to have been 
Published at this tine in “ Sillimann's Journal.” In this 
‘memoir, together with the reproduction of Henry's experi- 
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ment, two important points should be noted: Page points 
out that the shock due to the “extra current " increases 
the rupture of the circuit is pmduced in a layer of 
naptha covering the mercury. He observes also shocks 
produced by touching the tums not waversed by the 
mary current, Page produces periodical interrupt 

by means of a copper star-wheel, which makes contact with 
a mercury surface. Sturgeon tells us, in an explanatory 
note, that the secondary current is obtained by placing two 
coils side by side, tleir windings always having a poiat in 





whe 




















Annals of Electricity" 
are found several interesting memoirs, one by Calls 
(B. Xo. 6). p. 295, relating to the constniction of electro- 
magnets in which iron is used to inerease the effect of the 
Tupture, Another note (B. Xo. 7), p. 477, relers to Heary's 
experiments, and contains the description of a coil i: 
tented for medical uw. This coil, constructed according 
to specifications by Sturgeon, had two circuits: the primary, 
made up of 79 meters of heavy wire; and the secondary 
395 meters of fine wire—the core was hollow to permit the 
insertion of a bundle of iron wire, Fi 
volume, presents for the first time to uur knowledge, a 
sich resembies in form, the classical model; i 
“da walkin 
‘beam operated by a connecting rod or a cam, 
posite end of the walking beam being provided wit 
which plunges in a cup of mercury. Fig. 127 in the same 
Volume shows a similar coil having an interrupter in the 
forn of a toothed wheel which rubs against a spring; this 
model was brought out by Bachhofiner. In these two 
jated by handles; the: 

coils do not appear to be intended for the production of 
spark 

In 1840 there appeared a new memoir by Henry (B. No. 
S), where he reviews his former experiments, He stuslies 
the discharge of a Leyden jar in the primary, and observes 


In the same volume of Sturgeon 
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Inall he prceting ines, there was never a question 
ot secondary spar, and serey a word ead" te 
huninow eft ctained by the ropure In the some 
by Men and Brut a 341 (Bs Ds forte ree 
eedernce is mare ta spate dither” Pro econ 
employed Uy thee phytcans vas composed of fe toe 
toothed wheels; the notches between the teeth were filled 
mith blocks mond Mason Wc, one ofthe whee 
Sct the rupture, Sn the ther ealcel the eee 
Cattaneo geal vr ech Boo ies ag ee 
a condenser eleetroscope, and obtained. sparks from 2 
tum, 10-20 mm, long in the cece erp Mawr vad 
Breguet note that. then the spark scarps meee 
are oblged, foie to rnpce aha ophee 
se th (B. No.1 ad that of R 
We know the works of Page en though Dw Mtn, 
who was famiir withthe pitt “"Th' Figo of ee 
erp weal yamine stra tye in 
seeontary cirrent of tis el war of mae ee 
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Kis said to have 
et (4 of an inch). From 1S42-50, 
tells us that coils giving tong sparks were eamstructed 
metica; some constructed befure 1846 had fine wires 

niles long (109 meters), and giving from 2.3 
12.5-millimeter sparks, Finally, in 1850, Page constructe 
a large ceil giving em, sparks with a sudden rupture of 
the primary. This result seems indeed extruonlinary 
inasmuch ae t , 















© use of the condenser was as yet unknown 
‘The pamphlet by Page also makes a statement that the 
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interrupter known by the name of " Neef,” was due to 
Professor MacGauley of Dublin (1837), and that it was 
perfected by Wagner, a friend of Nect. 

‘When did Rubmiorff commence to work on the induction 
coil, and when did he construct the first one? A biography 
‘of Runmkorff (B. No. $5), published in 1903, says that he 
commenced his work in 1843, and that a coil begun in 
ISIS was not yet finished in 1851, Dumas in his article 
for the Volta prize (B. No. 15), 1804, says: " Prom 1851, 
Ruhmkorff devoted himself to tho construction and per- 
fection of thie apparatus” Finally, Ruhmkorff himself 
(B. No. 19) says: In 1851 Fonstracted an induction col 

From 1850 to 1860 was a period of great improvements 
In 1853 (B. No. 10), Fizeau made a great improvement 
the use of the condenser between the interrupter contact 
points; it was an improvement bosed upon an exact 
Knowledge of the problem to be colved. His memoir is 
written in a very clear style, a remarkable thing for this 
epoch. Sinsteden having charged Leyden jars with 
secondary current before this, some authors have attributed 
to him the discovery of the use of condensers connectest 
across the primary sparkgap. This is.a confusion; the we 
of condensers in the primary and secondary being for en 
tiely different purposes. The improvement by Fizeat in 
sed the spark in free air to about 0.02 em, (B, No, 17), 





























; ‘As soon as the secondary e.m.f, was increased, the insu- 
tates alto be mnprovedy ant in 1882, Dw once 535 
(B. No.2) pe 244 tha Edw, and Chas, Bright couse 
Wren shore sections separated by disk, This improve 
sects eon poneally etibuted to Poggendonf, who ds 
Tied ceryeterl in 1854 @, No, 11. Weshould ald 
Mt the Boglsh attributed the sectioning of eas to 

in Berlin, who exilate atthe Expo 

re 




















Siemens and Hal: 
tion in London, 1851, a coil constructe 
system (B, No. 23), p. 99, and (B. No 
is carried te excess iy the ayetorn « 
42, where each 











‘The sectional é 


Ritchie, in Bestoa, 157 (B. No. 2 
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clementary coil is a lat spiral, having for its thickness the 
diameter of the wire itself;a great number of these sections 
is necessary to form a complete ceil 

Another method of insulating these escondary turns was 
riven in S58 by an amateur, Jean (R. Ko. 14), who 
succeeded in constructing a coil giving 20-cm, sparks, by 
simply separating the layers of wires from each other by 
sheets of blotting paper. The coil was dried in an oven, 
then placed in a glass vase which was filled with rosin after 
zacuum had removed all traces of moisture. According 
to Du Moncel, the ceil constructed by Joan appears to have 
astonished all those who saw it; it should be noted here that 
there was great variance in the publications of the epoch 
a to the length of sparks obtained. 

Foucault, in IND (B. No. 12), undertakes to connect 
several coils together, so as to increase the sparks which he 
saysscarcely exceeded {rom 8 0 10 millimeters at that time 
By connecting four coils, the primaries in series and the 
secondaries likewise, he attained from 3 to 4-em. sparks: 
then he states that three months later he obtained 7 10 
Sem. sparks. The following year, 1837, (B. No. 13), in 
Meseribing a double mercury interrupter, Foucault said that 
the coils give sparks up to 20 cm, long. The German 
article already referred to (B. No. 5), says that Rhumkorff 
exhibited in 1855, in Paris, a coil giving 40cm, spark 
Furthermore, it was not until 1850 that an American coil 

ras teen in Europe (B. No. 17, p. 33), this was constructed 
by Ritchie, and gave sparks 35 cm, long. All these con- 
tradictions render it difficult to grasp the role played by 
each of the early constructors, 

Poggendorff sai, in a memeir in 1855 (B. No, 31), that 
an interrupter operated in rarefied air docs not require the 
use of the condenser, the intermuptions being more sudden, 
bot the contact surface changes very rapid 

In 1898 and 1857, Foucault constructed a mere 
terrupter (B, No, 1:4) 

From 1860 to 1806, the induction © 
tory instrument, hain 
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ever, we see the dawn of one of the great fields of spplica- 
tion when, in 1860, Lenoir utilized the spark from an in- 
duction coil for igniting his gas motor. This period saw 
the construction of some large coils, which marked the 
progress in construction... In 1872 Ritchie constructed 
1 coil (or Professor Morton (B. No. 18), giving sparks up 
to 60cm. Jong. Thie coil weighed 112 kg, and the secondary 
contained 71 kilometers of wire O18 millimeters in di 
ameter, and made up of about 145,000 turns, 

In 1886, the English builder Apps (B. No. 22 and 23) 
constructed a coil known by the name of its owner, Spottis 
woode. This coil (Fig. 7) gave sparks up to 1.05 met 





















ing a total of R418! 
rs in diameter in 





long, contains 450 ki. of wire 
turns, The wire used was 03 
the end sections, and 0.24 millimeters im diameter in the 
middle, Two primaries were constructed; one which gave 
sparks 1.05 meters long, weighed 41 kg., and contained 1344 
turns of wire, 
Since this epoch, coils have rarely been constructed which 
sparks; nevertheless, at the Exposi 
constructor who appears 











give euch long 
1900 several vee 
to have best succeeded in this direction is Klingelfuss of 
Bale, whose large coils stand servive well. These lange 
cails remain objects of curiosity, without great practical 
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interest; in ordinary usage, sparks rarely exceed 60 cm. in 
length, 

The discovery of Rontgen in 1896, gave an unawaited 
‘impetus to the construction of induction coils, and his pro- 
duced very important modifications in the details, trans- 
forming the kl laboratory apparatus into an almost com 
mercial instrament. Wireless telegraphy came afterward, 
extending the field of application: and finally the develop- 
ment of the automobile has brought forward the construe- 
tion of a considerable number of small coils for the ignition 
of motors. The steps of progress during the last period 
will be given as we proceed 

‘The last point to cite hers ie the discovery of the elsctro- 
Iytic interrupter by Wehnelt ia 1809 (B, No. 44), this in 
strument resis on a principle entirely different from those 
‘used up to that time. 

From the theoretical point of view, the first rational 
study of the induction coil was made by Mouton (B. No. 2), 
1876, then follows the interesting mathemati 
Colley (B. No, 25). The later works will be 
theoretical part and in the bibliography 











CHAPTER III. 
THEORY MECHANICAL INTERRUPTERS, 


8. Mechanical interrupters—Any variation in the value 
of the current in one circuit causes the generation of an 
emf, in the same circuit and also in the adjacent circuit, 
the value of which is proportional to the rate of varia. 











ar 
tion, Sj. and a coefficient, the value of which depends upon 


the character of the circuit 

‘The induction of the circuit upon itself ie called self 
induction: the emf. ey, produced is proportional to the 
coefficient of seli-induction, L 











‘The inductinn of the circuit upon the adjacent circuit 12 
niutual induction; the emf, ¢ produced is pro= 
portional to the cooticient of mistsal induction, Mf 
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The e.m.fs, produced are such that the currents set up 
by them tend to oppose the vanation of the primary cur- 
rent; they obey Lenz's lave, which is nothing but a corollary 
of the Jaw of the conservation of energy 
of induction, Mf and L, are constants 
only whea the coils comtain no iron or other magnetic 
material. If thy 
with the flux density and the induced e.m.fs, are propor: 








‘The coeflicien 
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16 INDUCTION COILS. 


tthe variation of the current. In the calculations which 
follow, the effect of the iron will be neglected, except in 
some special cases, and the coefficients of self-induction 
‘will be taken as constants, 

A division in the theory is caused by the different 
phenomena produced by the employment of the mechanical 
interrupter and electrolytic imerrupter, The mechanical 
interrupters will be considered first 

In developing the theory the schematic coil shown in 
Fig. 8 will be considered. The primary is connected to a 
source of ¢.m.f,, E. Let the total resistance of the primary 
circuit. be R, and its coefficient of selfinduction be L; and 
Jet a condenser of capacity C be connected in parallel 
‘with the interrupter, K. Let the secondary circuit have 
‘a resistance, 1, 2 coefficient of selbinduction, |, and a 


Fie § 


capacity, ¢. The capacity is shown by the condenser eon- 
nected acres the te} 1 and 2, and represents the 
capacity of the secondary windings or of a condenser con- 
nected in the circuit. Since the sparks which form at the 
terminals, 1 and 2, and at the interrupter, A, cannot be 
taken into account, they axe neglected in the calculation, 

‘The fundamental equations of the schematic coil shown 
above are 























inthis qi dt iO: 
RIL ea +e = 0) 
wherein [is the primary current (amperes) 
i“ * secondary © (+) 
Q “ * charge of the condenser (coulomhs 
ai 
right; +40 @ 








THEORY—MECHANICAL INTERRUPTERS. 17 


Equation (1) i for the primary and equation (2) is for 
the secondary. The complete integration of these equa- 
tions has never been accomplished, but a certain number 
of special cases have been studied; and we shall now ex- 
amine the results of these. 

Experience shows that the exm.f, produced by closing the 
circuit is very difierent from that produced by opening the 
Grcuit; these two phases must be studied separately. 

4, Closing the circuit.—The phenomena produced during 
this phase are often negligible, at least with mechanical 
interrupters, and in any case the rigorous mathematical 
treatment offers but litile which is of interest, Neverthe- 
less, in order to give an idea of the magnitude of the effects 
produced, we will take a simple ease, one in which the 














secondary action, Mf 7 is negligible; the equation (1) 
then becomes: 


al 
RI+L = 





@) 


since, at the moment of closing. the condenser isshort eir- 
cuited, which corresponds to an infinite capacity. From 
this equation the value of / in terms of time may be de. 





E 








carves, [y. Iz and 1, of F 
function of the time for di 
the circuit 

The current, T, does not immediately folly Ohm's 


8 represent the current as a 
ferent values of self induction in 








to a straight line whose ordinate as equat to om 
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things being equal, the establishment of this state requires 





L 
a longer time according as the time constan of the 
Bt " Ret the 








circuit is greater. The name time constant is given to this 
factor because its dimension in the cg.s, system of units 
in that of time; it is also possible to give a physical meaning 
to this expression: it is the time at the end of which the 
current has attained 0,633 of the value at which it follows 
Ohm's law 











By 
possible ty cilealate the en fs. rod 
cuits by the variation of F durin the 
ment of the current, We have seen that the value of these 


lecting the action uf the secondary. Fi 





1 in the 








dd 
edits, ie represented by: and = jn 
i wl in 
the secondary 
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and in the primary? 
B Rt 
oy 


6 = —R Inne € 





‘These emf. are maxima for t = 03 








Ohm's law comes into force, that is, when the current i 
completely established; the form of the curves, e',,¢%, and 
e”,, shown in Fig. 9, illustrate this. 















5 Opening the Cireuit.—The opening of the circ 
the most important phase for all coils. Experin 
show. and calculations prose, that this pha sh 

fof closing; therefore the variation im value of 








the current. 7. being much more rapid, much hig 
are yyroduced and sparks will jump across between the 
secondary terminals or between the points \ 











were the hoa 














We can only calculate that which takes place when the 
Aifference of potential, ¢ minals. Vand 2 
of the seeondarr. ie 1 parks: At the 
moment when the spac the phenomen 








there is a release of 





wdergoes a very rapid chi 
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then the phenomena continues, but with a greatly reduced 
amplitude and it is often complicated by perturbations 
caused by the spark itself 

The first important theoretical essay was written by 








Fen 


Prof, R. Colley and jublished in 1891 (B. No. 25), The 
formulas given by Colley are too complex to be used in 
practice, but we will draw interesting conclusions from th 
as we proceed. Let it sulfice for the moment to say that 
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Colley treats the primary circuit alone; the same cirenit 
with a condenser (Fig, 10); the secondary on short-cis 
and the secondary clased through a condenser (Figs. 1. 
12 and 13), Expressed graphically these equations give 
the curves of the primary current, /, and the secondary 
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current, #, shown herewith, ‘The equations thomeelves 
in the bibliography (B. No. 25) 

Three years later the author published a theoretical 
essay (B. No. 28), which was greatly simplified by totally 
neglecting the reaction of the secondary upon the primar 
that is, by solving equation (1) after eliminating the 











di i 
factor. M54, and considering the secondary emf, as re: 


sn (1) thus 





al 
duced to-MGl. The solution of this equat 





Fo. 15, 


reduced, leads toa differential equation of the second orer 
which has three solutions, according 10 the value of the 
sistance, R, in the circuit; aamely when, 





o> yh 

RG 
Assuming the values of R, Land C, which generally occur 
in practice 


sitll 
R<4 B. 
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and the current is expressed thus 


B= Iman e-1* (con pt -F-sin A), 0) 








‘The current is oscillatory and 
damped (Fig. 10); its period of oscillation, T, is: 


(ao) 





v 


lc aa 


the damping coefficient is equal to a. 

If the real known values of the coefficients, R, L and C, 
are substituted in equation (9), it is seen that the value of 
ais so small that it may ve neglected for the first oscilla- 
tion, and f reduces to 


# 





The equation (9) then becomes that of a simple alter- 
ing a period 








TeVLE ay 


anid the current may be represented by 


1 
Fm tage 608 ay 
Vie 


If, during the first oscillation, the current has the valuc 
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riven by equation (12), the generated e.m.fs. will be pron 


portional to: 





In the time, ¢ = 


values, 





“ STE 


it can then be said that these em.fs.,e",and ef,, which are 
produced by breaking the circuit, approach the limits 








3) 
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= LE te if 








which are in inverse ratio to the periods of oscillations, 


sind may also be writien 





as: 


au) 





In the case of a sail with a closed magnetic cirewit, where 





the pirimary and so are at equal distances 
from the 1 so placed that all the lux set-up in one 
vill thread the other; the eeeifiients of selfnduction may 
be represented in the following ig the 
number of primary tums by 1 and the number of secondary 











nner—represent 
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tums by m, and a coefficient which depends upon the di 
mensions of the coil by A, Then: 


L=Any, a7 
' 





Ang, as) 
M=Ans,. ayy 


When the magnetic circuit is open, and the two windings 
are superposed instead of being interlaced, there will be 
magnetic leakage and 2 part of the flux set wp by one cir 
cuit will not thread the other. In this case values must 
bbe given to the coellicient, A, which differ from those used 
in equations (17), (18), (19); as first approximation we will 
issume that these formulas are exact and we have, 


M=VT 








(en) 


This value substituted in (13) gi 
by Walter (B, No,-33) 





the formula developed 





From equation (13) the following conclusions may be 
drawn 

1. The secondary em.f, is proportioal to the primary 
current value at the moment of rupture. 

2 The secondary o.m.f. is inversely proportional to the 
square root of the primary capacity 

‘The ratio of the primary and se 








dary em.fs.,¢,7 and 








3. The ratio of the em4s, is equal to the ratio of trans 
formation of the cai, 

This last conclusion will make it clear later, when the 
Practical values of the trausformation ratio of coils are 
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known, why it is necessary to take such great precautions 
in insulating the primary circuit and the condenser. 

6. The Complete Period.—In comparing the equations, 
2) and (6) with (13) and (14), we see that at the losin 
of the circuit, ¢, cannot be greater than £,* while at the 
opening of the circuit, 2, may have a very high +alue 











tis known that in prectice Ris negligible ia comparison 





with 2, therefore the ratios, £7 
values. 

This comparison of e and «y’ explains the well known 
fact that a galvanometer, connected in the secondary «r- 
cait of an induction coil inieates a unitirecional curren 
as ston as a sparks of sufficient fengtr stnkes across the 
secondary terminals but res at avo.as long as the Secor 
Ta the 
fat is faces 
the spark prosiced Dy opening the citeait isthe only cae 
which sires across, Tn the second case the to currents 


. have very large 











ary ig on chart the evmf, at clos 





isnot sy ark aeross the terminate 








The observation of the current due to selfindvetion at 1 
vment of losin, the circuit is rendered extremely diflult by 
he fact that its potential ean never exceud eit of the 

In order to be able to detect It a veltaic pile having an 
reistance, r, which i freat in compari to the e~l resistance, R 
ast be used: or ar ean be eonnteted in 
the crew tial diflerence at she 
coil terminals, mesa. is equal to at the 
Veginaing, aed falls immedia 
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produced respectively by opening and closing the circuit, 
an exist in the circuit, The value of the current, #, pro- 
duced in the secondary 








the quantity of electricity, which corresponds to the cur 
ent Variation from 0 to / or from [ to 0, is 


: 
an fidt=™ far, 
when the time interval, f, is long enough 90 that i 
0; this quantity is constant no mauier what the way 
of the current may be, providing the resistance, r, ia con: 
stant; this however ean only be true when the seconda 

js entirely closed through metallie resistances, and there are 
no sparks or equivalent phenomena, The quantities of 
electricity produced by opening and closing of the circuit 
respectively are then equal in value and opposite in sign, 
and when the current inturmuptions take place in rapid 

ccession their resultant activ 

zero. Therefore the complete period of an induction coil 
which produces oscillatory discharges, is made up of the 
period of closed primary circuit, during which the gen- 


sph asae Sn Ba 

















upon the galvanometer ie 








erate 


open primary circuit. The rupture takes time, but gen- 
erally it represents only a fraction of the time lost. 

‘The value of the emn.fs, produced by the rupture of the 
current depends upon the value of the current, J,, at the 
moment of rupture: according to the length of the time the 
ireuit is closed, J, approaches more or less the limiting 
value 
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In cases where the closed-circuit period is too short to 
allow the current to attain its maximum value, I, must be 
substituted far Imes in equations (9), (12) (18, (14) and 

When a spark strikes across the secondary terminals, 
the quantity of electricity presluced by closing the circuit 
can be sero, because at this moment the resistance, 7, 
may be considered infinite. This, however, is not true with 
cathode tubes, the difference between the currents pro- 
duced respectively by closing and opening the circait is 











tapes ree 
feanrect| oan leonteer 

5 aan Rae Sas as 
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still very great. bat nevertheless, in some cases it is 
Necessary to take measures to guard against the effect of 
the current produced by closing the circuit 

7. Induction coil without condenser, secondary closed 
through non-inductive resistance.—This case very nearly 
corresponds to that of coils used in electrotherapestics, 
‘The period during which the current is established is 
exactly like that discussed above in G. At the moment of 
Tupture no calculation can be made. because the phenome 
thon depends upon numerous actions which as yet are but 
little understood. As soon as the primary circuit. is 
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ever, this is mot the case, for experiment shows an in- 
flexion, B, which depends upon the type of coil and the 
sort of in «1 (B, No. 30) 

The longth of the obeorved spark-gap (striking distance) 
should vary in inverse ratio with the square root of the 
‘capacity, C, however, it is known that the gap ie very short 
for both zero values and very large values of capacity, and 





rrupter employ 
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therefore there mast be some particular value with which 
the best results will be obtained, The existence of this 
critical valve of capacity, which was known to all practi- 
tioners, was put in evidence by the experiments of Mizuno 
(B. No. 41) 

The curves shown in F 
Mizuuo’s esperiments, shin that the critical 


1» varies With the initial, primary, carAent ¥ 











18, whieh represe of 
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As soon as the critical value is passed, the cueve follows 
the theoretical law (13) quite closely; this has been proven 
bby Johnson (B, No, 70) and others. 

‘The ratio of the emis. generated in the primary and 
secondary respectively has been checked and verified 
(B, Nos. 28, 32, 39, 74, 81), but it presents an anomaly 
which will be explained later, 

Experiment shows that in the observed oscillations of the 
Primary current the logarithmic decrement. «. equation 
(9), is always larger than the vale obtained by calcula. 
tion. Furthermore the ratio of the amplitudes of the first 

ty 








‘two semi-oscillations is gener 
of the following ones (Fig. 19) 

These anomalies have the following causes: the primary 
and secondary sparks: the capacity of the sceonlary and 
the presence of iron, These will now be examined separ- 
ately and in detail 

9. The Rupture or Break Spark.—The theory 
that no spark is formed at the interrupters when 
is broken, hinwever U 


y much greater than that 











mes 





k exists and varies in strength 
with the length of the secondary spark—being a maxis 
other things remaining equal, when there is no secondary 
spark, fv, when the secondary is open. Furthermore, 
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the spark diminishes ac the capacity of the condenter is in- 
creased: at least this is irue with interrupters which are 
slow enough to permit a distinct separation of the closing 
and the opening of the circuit. 

Does the spark at the break behave like a variable or 
constant resistance connected in parallel with the breaking 
contacts? Arons (B. No. 34) tried to calculate the effect of a 
resistance varying {rom R, too, without taking the con 
denser into account, and Mizuno (B. No. 76) assimed a 
constant resistance in parallel with the condenser; how- 
ever neither of these hypotheses when worked out solved 
the problem. 

By considering the break-spark as a disruptive phenome- 
non, ic., of very short duration in comparison with the 
period of oscillation of the primary current, it will be eeen 
that the phenomenon will become very easy to explain, 
but, unfortunately, almost impossible to calculate, 

In that which follows, the secondary reaction will be 
neglected and it will be assumed that there is no damping 
effect. 

First, the distribution of energy in the coil will be con- 
sidered. As long as the primary is closed, the energy ie 
fumished by the source and the current is limited only by 
the resistance of the circuit, One part of the energy is 
dissipated in heat, while the cther is stored in the circuit and 
released when the circuit is broken, This latter, equal 
tn Ea 














{s all that concems us, because it is that which 





causes the sparks. I, as we have assumed, there is no 
damping effect, the stored energy should be constant and, 


F siminishes, becanseof the dim 





as the kinetic energ 


inution in the current which results from the oscillation, 
the energy in the condenser should increase; we should 





alvays have 
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this equation is graphically represented in Fig. 20. It is 
seon that when the current, 1, is zero, the total energy is 
held in the condenser. 

There is a known and constant ratio between the primary 
and secondary e.m.fs.; consequently, the carves which are 
discussed below represent either emJ. by a simple change 
fn the scale of the ordinates, 

From the moment of rupture of the current, the em. 
of eelf-induction, e, increases from zero, at first rapi 
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At the 





ca 2 
then reaches a maximum for ¢= 7 (Fig. 2 


moment of rupture the distance between the contact 
Poinis is, at first, rere, Now we know that for very 
short distances the striking voltage is proportional to the 
distance; therefore if the speed s such that the striking 
voltage, E,,. increases at a lower rate than ¢,, a spark will 
form at the interrupter, start a small arc and thereby 
prevent the rapid variation of the current, 1: according to 
this hypothesis, i is necessary, in order t prevent the 
rupture spark, to have the speed of the interrupter above 
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a certain value, so that the line of striking voltage, Ey,’ 
is at least tangent to the curve, e, (Pig. 21). This is the 
theory recently proposed by Ives (B.No. $1), This theory 
is immediately destroved by the following objection: If 
the initial current, Iven i8 increase, the curve, ¢, will 
become ¢,’ and cut the fine, By’, $0 that the result of in 
creasing the current without charging the speed of the 
interrupter should be to diminish the tenth of the sec- 
ondary spark, 

Assuming now, that line. 





ad of passing through 
it is instantly seen 
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vp to the time, f, the em.£, ¢, is less than the 
striking voltage, Ey. The breakespark orcurs at this Instant; 

behind the goometrieal rapture of the circuit. If 
lines, Ezy represent, to a convenient scale, the cee 
ondary striking voltaye, it is seen that the length of the 
sparks cannot be greater than E,,". Tn fact, if the striking 
voltage of the secondary is E,,", it is scen that it can not 
be attained until the striking voltae of the interrupter 
has been exceeded, the interrupter spark has, therefore, 
al 




















Ay oceurred and a part of the available engery been 
dissipated. In this case there could be mo secondary 


spark, The ordinates of the lines, £,, and E,,, represent 
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ing the striking voltages may also be consiered as repre- 
senting the resistance to the eparks in the respective 
circuits, This hypothesis furnishes the following results: 
the spark is produced in the circuit where the relative 
resistance i weaker. 

This theory allows us to explain the critical capacity 
if we vary the capacity, C, alone, the calculated emf. 
wsill be represented by the Curves, ey’, Qf, <=. shown in 
Fig. 23, the meximam amplitudes are inversely propor 
tional to the period of oscillation, according to equation 
(15). If the curve of the striking voltage is represented 
by the straight line, E,, the primary sparks will occur at 
the moment when the line, Eq, crosses the curve of ¢; 














: 
fe sag anew a agp a i 





the spark will occur in such a manner that the maxinium, 
eam.{, available at the secondary terminals, is represented 
bby the curve, ¢,, which i tangent to F,, until it cutee, 
and decreases according to the theoretical equation (13); 
fee, it passes through the vertices of the ¢, curves. The 
similarity between the curve, ¢,,and those in Fig. 1Sshould 
be noted. 

We must now complete the theory by considering that 
which takes place when sparks are formed at the inter 
mupter. At this mement the condenser ie charged with 
all the energy lost in the coil, the spark suddenly dis- 
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charges it,* the difference of potential becomes zero, and 
we have the conditions as expressed by equation (1) and 


a 
Ee RIGLE 
or ar 
Lp ME-RI 


fe, the value of the c.m-f. of self-induction becomes negli- 
gible in comparison with that which it had before, There- 
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fore we can say that the current, 7, becomes constant for 
an infinitely short time and that it starts from this value. 
to bogin an oscillation of lesser amplitude (Fig, 24). The 
emt. of self-induction increased to ¢,' and fell back to 
zero 0 start again, 

Lf the second part of the curve, 











does not cut the line, 








= In reality the discharge of the conllenver ie not instantaneous, 
it ie slats tor daviped, Mut the tutal duent 
fof the phenomenon is s9 sbort in comparison with the oseilation 
of the cull that they may le neglected, 
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Faq, there will be no spark at the interrupter and the 
em4. of self-induction will be generated according to the 
theory and the secondary emf, may attain the value 





M 


eames =F Cima 


Ti ¢, meets the line, E,,, again another spark will be pro- 
duced and another “shifting” point will occur in the 
carrent curve, J. Thus it is possible that a number of 
narks be produced before the curve, ey, gets beyond the 
Tine, EF... 

Regardless of the number of sparks formed at the 








Deeaking contacts, everything takes place as though the 
ial current value, 7, was that at which the last epark 
‘was produced, and not until this moment, fi passed can 
the mathematical theory be applied 

We can now understand how it is that an increase in 
current valie, legs. Will increase the length of the sparks. 
Let t (Fig. 25) be the curve of emf. yenerated fora certain 
current value and striking voltage, Fy,3 the maximum of & 
. ent value the curve, 0, i= 

obtained. which meets F,, in ¢,: the rupture spark is 1 
dared and the eat. drops to zerm, th start annther os: 
elation, a’, the maximum amplitude uf which is 6”, which 
is greater than ¢,'. Thus. in spite of the rupture spark 
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is produced which is greater than that in the 





‘This theory which the writer proposed in 1900 (B. No.67) 
will serve us in that which follows 

10, Proof of the theory of the least resistance to the 
sparie.—The above theory requires that the rapture spark 
should lag behiml the mechanical rupture of the circuit, 
Observation of this spark with an oscillating mirror, 
driven by the interrupter, shows that this is really the 
case and that the amount of the lag varies with the co- 
efficient of selfinduction, the capacity and the current 
value, 

The ordinate at the origin of the curve, Ey, exists, 
because the origin of the time, 4, is taken at the mé 
when the em/. starts from zero. and not at the moment 
When the mechanical rupture of the circuit occurs. The 
lag between these two phenomena can be explained by 
several hypotheses. The ones which seem the most 
Plausible are given below; they share perhaps equally in 
the result 

At the moment of rupture the two contact points are 
separated by an infinitely small distance; therefore at th 
first instant there esists an infinite capacity beticen the 
contacts which, hover, is very rapidly: redaced 
his capacity creited by the rupture retards the emf, 
which develop at the origin, slower than the theory would 
indicate. 

Its also possible to concede that the capacity of the 
secondary causes the variation in the difference uf po 
tential not to follow the simple sine law and that Calley's 
formula (8) (B.No. 25) iscorrect, The curve of the differ 
cre of potential is the sum of the oscillations, 1 and 
of the primary and secondary (Pig. 20); the maximem « 
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7 is mot at the origin; therefore the curve, FE, dues not 


meet the curve, Fy, until a mioment later. 
it is well known that the actual theory requires 
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that there be a minimum difference of potential at which 
a spark can pass across the terminale; this minimom value 
corresponds to the pressure necessary to break down the 
dielectric in contact with the terminals, From this it 
results that the curve of striking voltage does nut pass 
through the origin, 

Whatever the real cause of this lag of the rupture spare 
may be, the fact is, that it exists and must be taken into 
account 

‘The existence of " shifting” points in the primary 
rent curves and the dips in the secondary current curves 








Fic. 





are clearly shown by the oscillograph. as given in Figs. 
30, 31, and 35. It would oceupy too much space ta ibs 
cuse these experimental resulis at this point. This was 
done in the periodical (B_ No. Sty 

The cscillograp shows that the “ shifting " paints are 
not very stable; they vary must often between 1, 
zer0. This is easily understood: the law of the striking 
voltage is not constant, it depends upon the form 
state of the wntat: suriaces an! is modified from one 
instant to the nest by the corruling effect of the sparks 

Still another yruof of the exitonce of these chitting 
points 1es in the following fact? it has been seen that the 
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damping of the oscillations is regular only after the second 
semi-oscillation. If the curve drawn through the 
of the oscillation curve is prolun 
through the “shifting” point (Fig. 27). Moreover, ex- 
Periment shows that an increase in the primary capacity 
Which diminishes the em.J, of self-induction causes the 
difference between the first semi-escillation and those 
following to disappear (B. No, $4) 

As would be expected the nature of the metals, com. 
Posing the contact point, has an influence upon the result, 








tices 








it will always pase 











Beattic has demonstrated experimentally (B, No, 71) that 
the critical capacity was smaller with platinum contacts 
than with other metals Tvee (B. No. $2) found that, 
with a mercury interrupter, the critical capacity. varied 
according to the polarity of the mercury, ‘These facts 
are easily explained by the corrosion of the contact sur- 
faces, which varies with the metal and the direction of 
the current 

The theory leads ue to the conclusion that the break 
should be male ag rapidly az possible; Lord Rayleigh 
showed that breaking the circuit by shooting a bullet 
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through a wire made it possible wo attain long secondary 
sparks without a condenser in the primary (B,No, 79). 
Practically the rapidity is limited. With mechanical inter 
Tupters having solid contacts, the rapidity is limited by 
the imperfection of the contacts; nevertheless much 
Progress has been made in obviating this difficulty, With 
the mercury interrupters there is a limiting spel above 
which there is no interruption, or at least the initial rapidity 
of interruption attains a limit; which is probably die to 
the fact that the column of mercury breaks by its own 
weight. This explains why mercury interrupters are less 
‘wall adapted to small coils than to large ones; the former 
have a shorter period and require greater initial rapidity 

A paradoxical consequence upon which our theory is 
bared, is that the spark at rupture cannot be avoited; 
the secondary spark is often longer and mure regular 
with a fat flaming spark at the point of rupture than when. 
the latter is less apparent. It is easily understood that 
if several small sparks form at the interrupter. their 
aspect is different from that of a single discharge of the 
Primary condenser; but, since the final result, 1¢., the 
length of the secondary apark depends upon the value 

















of the current, J. at the moment of rupture of the last 
spark, there exists no definite relation between the two 
sparks. 


‘The multiple primary spark shows that it could be 
advantageous to increase the coefficient of self-induction 
of the primary, all other things remaining equal, this i 
creasing the capacity of the coil to store energy after 
the discharge of the condenser. Since the proper increase 
in the coefficient of self-induction cannot be calculated it 
is best to use a coil in which the primary contains an ad- 
justable inductive reactance, 

11. The role of secondary capacity. —The secondary 
capacity is mot situated at the secondary terminals; it is 
distributed. in a more or loss regular manner, throushoit 
the entire secondary circuit. The capacity of the sec 
ondary circuit varies with the form of the winding 
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Fig. 28 represents schematically the ection of a eoil; 
the little circles represent the section of the wires, and the 
arrows show the direction of the e.m.fs, It is evident 
that there exists between the points, a and b, an em. 
the value of which is great or small according as there 
are many or few turns of wire connected between the two 
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Tf in cach tum there & generated an em-f, ¢, and if 
ve layers, each formed of A 
turns, the difference of potential between two turns which 
are adjacert but belong to different layers is, 


sve concider twa consecut 








wherein 7 is the number of turns counting from the point 
of junction of the two layers to the turn in question; 
the quantity of electricity: stured is 


fee 


wherein ¢ is the capacity which exists between each turn 
and the corresponding tum ef the other layer. 

Assume that the same number of turns, 
‘2mm layers, each sh 
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are dis 


tributed i Jble layer wouhd store 
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and the whole would store m times that, or 
Nte 








‘The difference of potential, or em.£, at the secondary 
terminals in both cases would be 


2Ne. 


‘The apparent capacitics are respectively 





that is, the system with 2 layers would give m-times 
tess capacity 

‘The winding shown at «1 (Fig. 28) is made in layers, 
while the one shown at B is made in sections. Tt should 
be noted that in the latter winding it is necessary to add 
to the capacity as found above, that which exists be- 
tween the adjacent sections. The real value and calcu- 
lation of the secondary capacity is one of the most ob- 
scure points in the theory, the demonstration given above 
is simply crude approsimation.* 

Whatever the distribution of the capacity of the second. 
ary winding may be, it is not always negligible: to it are 
due the electrical oscillations observed by Mouton (B, No. 2) 
in a coil using no condenser in the primary circuit. It 
also to the capacity of the secondary winding that the 
oscillations in the primary are due when the secondary 
wind : 
























cireuited, sivee otherwise the enix 








‘ated in the interior of the winding should n 
take anv charze. because the quantities of electricity with which 
the neghonig tums Become charged through electrostatic in 
action are equal and oppodte in ign. The tures upon the e- 











efter nurfnee completely surmvanited be 
come chirpel to a. greater or less degree. Therefore, it seme 
that the capacity Of & coll is simply that of the turns whieh form 


the exterict surface 
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dissipated in the secondary would completely damp the 
primary’ oscillations. 

What is the capacity of the secondary and within what 
limits should it be reckoned with? Opinions on this 
subject differ greatly: Walter (B, No. 43) estimates the 
capacity of his coil as 1.110-* microfarads, and according 
to Oberbeck the capacity of the same coil would be 450x10* 
microfarads, 

‘The value given by Walter appears to be nearer to the 
true capacity of the secondary winding for ordinary coils. 
If the first value is assumed to be correct, it is seen that 
the duration of the secondary oscillation is much shorter 
than that of the primary ; therefore, as first approximation, 
this capacity can be neglected, 














One of the most probable effects of the capacity of the 
seconilary’ winding is to cause phase differences between 
different parts of the circuit; this effect, which shoald not 
be confused with stationary waves of which we will speak 
ther on, may diminish the em.f, between the sec 
y terminals (B. Nu. $2). 
When capacity is connected to the secondary terminals 
c is produced in the operating characteristics; the 
predominance of secondary oscillations is quickly obtained 
and we enter the case covered by the equations of Colley — 
the superposition of short primary oscillations upon the 
longer secondary oscillations (Fig, 29), The secondary 
oscillations are less danped than those of the primary 




















and do not entirely die out during the interval that the 
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cirevit is open; they have sufficient amplitude, at the 
anoment of the next "make", to produce an em.f. in 
tue primary, which sometimes can produce a large nega- 
tive value of current (Fig. 30). If the open-circuit lasts 
ong enough, this action disappears, but the capacity of 
the secondary winding causes other primary oscillations, 
which do not always change the sign of the current (Fig. 31). 
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12, Resonance.—Resonance has often been invoked to 
explain the optimum capacity and certain obscure phe- 
nomena; does it exist and under what circumstances 
should we have recourse to it? 

Resonance 25 ordinarily locked at docs not exist; 
fact, considering a resonant drcuit, consisting of an 





ductive reactance and condensive reactance connected 10 
an alternator, it is seen that the current in the circuit 
aml emf, actors the condenser have small vahies so tong 
as resonance is not attained: oa the other hand, when the 
resonance is perfect the current value becoms x maximum 
ani the emf. across the condenser may greatly exceed 
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that of the alternats: if the power absorbed is measured 
it will also be found to bea maximum at this moment 
With an induction coil the phenomenon is different; it 
should be bore in mini that the intersting phase is that 
of the “ break"; at this moment there is no complete 
connection with the primary source, the available energy 
1X which is stored in the magnetic feld at 
‘the moment of rupture. Therefore, no matter what hap- 
Pens, the resonance cannot increase the power demanded 
of the source; one nf the most important factors of the 
phenomenon disappears; of course, the two phases, make 
and break", are comidered as distinctly separate and 
without effect one pion the ather 
A comparison between the induction coil and the tuning 
fork immetiately sugyests itself; both, alter having been 
pat in vibration, ie.. after having received a certain 
Quantity of energy are abandoned to themselves. Tt is 
well known that @ wning-fork will eause @ resonator to 
vibrate, the better the attunement the stronger the res 
nant vibrations:as son as the attunement ie not attained 
the resonator becomes silent. Is an analigous effect ob: 
tained with induction coils? That which we know of the 
mathematical theory demonstrates the contrary. In 
fact, taking equations (8) of Colley (B. No. 25), and as- 
suming a negligible damping of the oscillations, it is 
seen that the secondary emt, Ey, decreases constantly 
when the secondary capacity. ¢, is increased, Por ¢ = 0. 


is limited to 
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‘The formulas of Colley appear here to be incorrect, 
because considering the total available energy, i should 
always be 4140; tne equations for the two limits, C, = 





O and C,= & agree with this assumption, but for the 
condition of resonance 


CES Lhe? 


ck? 
pty q 





This discrepancy comes from the fact that Colley, like 
every one else, has neglected a certzin number of factors 
in order to avoid unnecessary complication in the formulas, 
but the result shows that one should not generalize re 
ithout careful consideration 
Hi, neglecting the 77 R lestes, the energ: 
is taken as a base for the 
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calewlations 
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The equations for the limits, c= and ¢ = o being, the 
same as the ones found above,* 

‘The law of the variation of E, with the secondary ca- 
pacity i shown in Fig. 32 for both hypotheses” it © seen 
that -resonance cannot increase the secondiry emf. 
Nevertheletn, experiments show that i i puble to 
crease the length of the spark. when a large capacity is 
Bldel to the seconlary and the primary tonleses 
adjusted to be in the neighborhood of resonance: CL — 
€L This pseude-resonance may te approximately ex- 
Plained by the theory of less resistance to the spark, When 
the secondary capacity is not negligible, it hes been seen 
that the emf. of induction are the sum of two functions 
of different periods. the oscillations in the secondary 
em. curve (Fig, 26) have more chances of meeting the 
curve of striking voltage, E,,, than the simple curve, 1 
which is obtained with resonance 

Tt can be assumed that a coil, in which the two circuits 
are in resonance, is the seat of stationary waves with a 


maximum pressure at the extremities aad_m,maxinun 
Tie phe to prove that the ratio ofthe ems. at the 
Seria f the tm cavucsies is emsiamt, when thoi ne me 
netic leakage In fart. nevlecting the e.m f he 
resstance of the scl we cat wet 
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‘The ratio is the-efore equal to the ratio of transformation,® 
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current at the middle. It is possible that the value of 
the current may not be the same in all parts of the sec 

ondary circuit, but there is little probability that nodes 
and antinodes comparable to those observed in Hertzian 
waves, could be detected. The problem is different: In 
each tum of the coll there are superposed two e.m.fs 

tone i about the same for all turns, produced by the ac- 





tion of the primary, is proportional to “4; the other is 
ddue to the passare of the wave; it is probable that the 
emf of mutual induction frequendy overshadows the 
latter, because itis very difficult to observe a well defined 





Fee. 8, 


variation in the value of the current along the secondary, 
circuit, 2s long as there are no very high frequency oscilla- 
tions; in this latter case resonance of the primary and 
secondary can no longer be attained 

13. The effect of the cor.—Up to this point we have 
considered only coils without iron cores, Although it is 

npossible to represent the action of the iron by adding 
terms to the general equations, there is no doubt as to 
the importance of this action, and it is necessary to form an 
idea of its character and effects 

Tt ig said that the iron core increases the power of th 
coil as in commercial transformers. There is however 
important difference between the two. While in the or 
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dinary transformer, the iron, by viriue of ite permeability, 
Permits the absorption of more enerey from the source and 
the delivery of more to the secomlary: in the induction 
coil, which is a sort of a deferred" transiormer,* because 
§ stores onergy during the petiod when the circuit is close 1 
en! Celivers it later when the ‘bnak’ occurs, the hys- 
terecis plays an important role. If the magnetic circuit 
is completely clised, the total useful enersy is independent 
Of the iron, it increases when the magnetic circuit is opened 
and afterward decreases; that is, there is a certain peopor- 
tion between iron and air-gap which gives a main 
useful effect. This fact, which has hing been known, was 
explained by Lort Rayleigh (B. No, 79) 

The theory of Lord Rayleigh is i follows: Consiter a 
small straight bar of iton placed itt « uniform mayuetic 
Field, 3¢°; the magnetization of this bar prodiaces ot its 
extremities magnetic masses, which create a fick! that ie 
oppored to ac*. If the demaxmetizating factor is denote 1 
as 4, the intensity of magnetization as 3, the oppusing 
fied is 43, and we have 
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wt upon by an effective field, 3. the 
we Feater J.J is.a function 
of the diamiter of the bar ty ite length, 1 is well 
tthe Stored im the field, 9¢/, during 
;potional to 


Wee freus f sees faas, 


i€ the eyele is complete, the term, J 1a represents the 








value af which is 
known t 
























cherzy absorbed by hysteresis, therth 
available only 


7 


+The and the “break are always considered as 
distinerly exparaty phenomena 


fe there remains as 
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increases, other 
Consequently, the available cnergy increases, 

‘things being the eame, with the value of the domagnotizing 
factor, that is, when the ratio of the diameter to the 


length increases. itecetys 
If the core is straight or the magnetic circuit is not 


completely closed, there wil be magnetic leakage and we 
ae MP < Ll. 
Lord Rayleigh explained (B. No. 79) how magnetic leak- 
age causes losses of energy; we can show this loss in a 


ferent manner 
‘Thore are only: two cases whore the energy in the coil 
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toahow tat thee Wt peoporton of pip anion in Ue 
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fof energy in a coil carrying a current, 1 
awed, 
being the total ux through the col, 
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toms of area A and its length being fy the 





The coil he 
magnetizing forer. 3. is 





IE the col is safficiently long, 


al 
we 
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mont loved (Fig. 33), 
Now considering + stagnetie circuit almost clowel (Fig 3) 
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is well utilized, namely: When the eecondary cinesit i 
closed through a resistance capable of absorbing much 
energy; or when there is a very large capacity between 
the secondary terminals, In the first case thecalculation, 
of the energy is dificult, but in the second it is easy enough, 
It is known, from the equations of Colley, that the max- 
fmmum secondary emf, noglecting the resistance of the 
circuit, is 
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and, if we assume L > 








therefore th: energy absorbed is less than that available 
in the secondary 

The theory takes into account the damping of the 
oscillations, by the resistance of the circuite; experiment 
shows that the damping effect is always much greater than 
the theory would call for; there is, therefore, another 
source of loss. 

Study of the oscillations reveals that, the initial ampli 
tude being the same, the ratio of two consecutive oscilla- 








Acnoting the airgap as J, and the length of the iron circuit as 
assume a uiform tes thuphout ad py the else eqiation fr 
the magnetic 
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For the reason indicated above, the factors, Kd J and 3 I, 
should diappear and we have, simplifying, 





Tt is seen immediately that if the magnetic circuit were come 
pletely closed. Ly = 0 





which ie the same ae if there wore wo ivan im the eet. Or 
contrary, if the ratio of fj to fy is equal to the permeability .n, 











dhe available energy is @ maximum and equal to 
AW yor 
wad sorte 
sae 4 

In onder to compare a straight core with a closed magnetic 

circuit it uufices to recall that the ohective Seld is 

BIS, 

while 





in the closed magnetic eieuit. The twe systems are the same when 
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a AD 
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Experiments show that in cores of cole the permeability. ys 
generally about 50; 4 would be O25, which according to what is 
Known of demagnetizing factors, corresponds to a length equal 
to about ten tintes the diametce ef the sore 

‘The caleulation is evidently very approximate, general conete 
sions should not be drawn from it, case Kt must be remembered 
Chat it reste on the assumption that there is my liysteresis and 
‘containe aumerous simplitcations 
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tions, with exception of the first, is independent of the 
duration of the oscillation; the loss is, therefore, due to 
a cyclic phenomenon, iniependent of time, and it is 
natural to attribute it to the action of the iron. 

The action of the iron als makes itself felt when the 
cireuit is closed. The coofficient of self induction of a 











coil with an iron core is not constant; it is a function of 
the value of the current (Fig. 24); it follows the permet 
bility of the iron in such a manner that, if the 3 
saturated. the e.m.f. of sel-induction, ®I 
establishment of current. descends quicker than would 
bbe expected and a curve having a point of inflexion is 


















obtained; after saturation, the current value increases 
more rapidly for a certain 
theoretical form: this is shown 
36 and 37. 

‘The variable permeability of the iton produces still 
another elfect; the magnetizing action which is exercised 
upon the iron, is the resultant of the action produced by 


ime, instead of following 








ry clearly: in Figs 
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the two circuits; so that, for a given value of primary 
current, it is possible to obtain oscillations of different 
lengths, according to whether there is or is not a current 
in the secondary circuit. Figs. 31 and 37 show this 
effect: during the period that the primary cireuit is opes 








36, 


there are complex oscillations due to the primary and 
secondary’; the period of these last is given bythe lower 
dé 
wr 


gain closed, these vscillations disappear because 


curve which is proportional to As soon as the pri- 








Fie. 3 


the conlenser is short-circuited: there remains, therefore, 
only those oscillations produced by the secondary in the 
primary; an examination of the curve of " current growth " 
shows that these become immediately much more rapid; 
the primary circuit makes a sort of a shield between the 
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Sccomlary and the ewe and the latter being scarcely 

magnetized, the evellicient of self-induction is greatly 
db 

Jy: i8 nearly suppressed, even 





reduced. The curve, 


though there exists in both circuits oscillations of great 
amplitude; the cause of this is, that the oscillations i 
the two circuits have a phase displacement of about 180° 
and the ampere-turns acting upon the core are about 
‘equal and opposite in sign. 

M4. Effect of the secondary discharge.—In order to 
complete the study of the different elements of the prob. 
lem, it is necessary to consider that which taker place 
when there isa discharge in the secondary. All discharges 
dissipate energy, it can, therefore, be foreseen that the 
current curves have turning points for the primary sparks 
as well as for the secondary sparks. Tests with the 
oscillograph verify this supposition; generally the effect 
of the secondary spark is to suppress priniary osillations. 
Figs. HU and 35 show the curve of the primary eurrent 
and that of the the sec 
ondary capacity is negligible. The curve of rapture shows 
very plainly two turning points—the first is due very 
Probably: to the spark at ue contacts and the second to 
the iisthange of the semiary; 


























d 
Points can be found in the curve, 54, 


same coil has its secondary circuit closed through a large 


ig. 31, the 





capacity; from the curve. 49. it i seen that the devel 


a 
opment of the secondary oscillation is first arrested by 
the spark at the interrupter contacts; then by the dis- 
charge. The two sparks, primary and seconiary, do au 
forcur at the same instant, therefore the ratio of ems 
to whieh they correspond is mot the satin of tranef: 








This last result shows that one cannot rel 
upon the accuracy of stri 





absolutely 
mg vultages determined with 
the aid of an induction coil, when the emf, measured in 
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the primary is multiplied by the ratio of transformation, 
If the secondary capacity is not negligitle and there is 
magnetic leakage, difference in phase between the vwo 
currents will be produced and the satio of transformation 
will vary quite materially. In thie manner the results 
obtained by Klingelfuss (B. No. 74) can be explained. 








Fic. 28. 


He found that the secondary striking voltage, for a given 
distance increases with the primary current. That which 
increases in reality is the primary striking voltage, the only: 
‘one messured 

It can easily be shown (B, No. Sf) that, for a constant 


il 
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value of primary current, observed with the eccillogeaph, 








the maximam e.m.f. in the pri ed with: 
an owillograph, increases with the length uf the secondary 
spark; this is shown by Figs. $8 to 41, which correspond 





to striking distances of 3 cm., 10 cmt, 20 em, and 
respectively, Tt is seen thet the maximum 
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the upper curve remains constant, while the lower curve, 
which represents the em-f. across the primary terminals, 


aptly ig dé 
Kish aM Ss, 
increases with the length of the spark. The e.m.fs. meas 
ured on the oscillogram, are 277 volts, 3:30 volts, 425 volts 


——+-— 


Fis. 40. 


and 670 volts; the ratio of transformation being 155, and 
the secondary eapacity Weing negligible, the corresponding 
secomlary striking velages between point and plate 








Hie a 


Woukl be 43.000 volts, S1IMW) volts, 61,00) volts and 

108,000 volts—which are well within permissilde limits 
will show the 

Leaving 









Another experiment ean be male, 


same results, but made in an inver 
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the length of the secondary epark-gap constant, and 
varying the maximum value of the primary current with 
the aid of a sheostat connected in the primary circuit, 
it is seen that the primary em.{, measured at the ter. 
minals, remains constant, regardless of the value of the 
Primary current, providing a spark is produced in the sec 
ondary. This phenomenon is due only to the fact that 
the two sparks are not formed simultaneously. Te must 
be shown from this that the maximum e.m.fs. in the two 
circuits are limited by the two sparks; this is why it is 
sometimes observed that when no secondary spark is 
Produced, the insulation in the primary or in the con. 
denser is ruptured; it is also this which causes the diminu- 
tion in sparking at the interrupter when the length of the 
secondary spark is decreased. 

Figs. 38 to 41 show also another phenomenon: The 
duration of the secondary’ current is inversely proportional 
to the length of the sparks. the maximum primary current 
value being constant. This duration explains the rela 
tive slowness of the demagnetization of the iron core 
and explains certain imegularities in high-speed! mechanical 
interrupters, When the secondary cireuit is shortci 
cited upon itsell, the retardation of the demagnetization 
can be pushed so far as to force an interrupter, making 
normally about 50 breaks per second, not to make more 
han wo oF thee breaks per second, 

‘The different phenomena, which have just heen described, 
(sparks. effect of iron. scnlary capacity) complicate in a 
singular manner, the theory of the induc 
it, up to the present time. almost impossible to expect 
from mathematical treatment more than general indica 
Von of the role played by each factor when considered 
separately. 
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electrolytic 
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15. Experimental results—The henry 
interrupters is still les known than that of mechani 
interrupters. Before stating what is known, it is neces 
sary to give a résumé of that which has been observed 
concerning the réle played by the various factors of the 
phenomeson 

When two electrons, having very unequal areas, are 
immersed in acidulateil Water and connirted to a source 
of electric energy, it i esen that, up to a certain value 
of emf. (5 to 40 vals), the electrlyte is simply decor 
prssed above this value uf emf, the phenomenon changes. 
The electrode, having the smaller area, becomes incat- 
descent and can even mich if it is connerted to the mega- 
tive pele (Cathonle) it heats less ané becomes a pink color 


























connected to the prsittye pole (anole), This phase of the 
Phenomenon ig accompanied by a peculiar noige, whieh 
Koch and Wallner, in 1892, showed to he due to internap- 





tion of the current. Wendt (B, No. 44) first applien 
this jsea to interrupters for induction evils; he emplorest 
as anode 2 platinum wite and as cathode a sheet of leat 
(Pig. 42}. Some time afterwares Simon, in Germany 
(B. No, 69) and Caldwell, in England (B, No, 61) 
made the interapier symmetrical by suppressing the 
anole with the small superficial area. The interrupter 
this form becomes reduced 1 two electrodes having 
lange superficial areas ami immersed in communisatin 
compartments connote! together by a small hole, 
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could be obtained from the sound emitted by the interrupter 
itself, or by the noise of the sparks, increases with the 
voltage of the source. The frequency depends also upon 
the direction of the current; it is greater when the smnall 
slectrode is anode than when it is cathode. Other things 
being equal, the frequency is inversely proportional to 
the resistance of the circuit, to its coefficient of self-induc 
tion and to the active surface of the electrode. ‘The 
Presence of a secondary current also modifies the frequency, 
which increases when the secondary is closed or when 
very hot sparks are produced, When the temperature vf 
the solutfon (electrolyte) rises the frequency diminisies, 
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When the waveform of the primary current through, 
an clectrolytic imtermapter is observed, it is seen that it 
does not resemble that obtained with mechanical inter- 
Tupters used with condensers; the break is made without 
osrillations (B. No. 56). Oscillations appear as soon as a 
condenser is connected in parallel with the electrolytic 
inmtermupter. This observation stows what the capacit 
due to polarization plays no important réle in the phe- 
nomena. 

Fig. 4. indicates, from theograph observations, the 
variation of the waveform of the current when different 
factors are varied. Increasing the surface of the anode 
raises the current valve at which interruption takes place, 
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and, at the same time the interruptions are less frequent 
(se a and & in Fig. 44). The surface of the anode re- 
waning the same, a resistance introduced into the circuit 
diminishes the frequency, but does not affect the max. 
‘invum current value, mas, Providing the total resistance be 





ton ten 7 Ge Band ein Fig. 4. Avice he 


coefficient of self-induction produces abxmt the same effect 
san increase in resistance;it decreases the frequency and 
changes slightly the form of the wave (sceg and hin Fig. 44), 
Infact the timelost betweenbreakand makeis so short that 
the secondary current, when sparks are produced, assists 
the establishment of the primary current, Without 
secondary discharges, it is seen that the current curve has 
an almost constant rate of increase (d) with white sparks, 
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Fic. 44—a, coll ante: larger anedese, with rsh 
iret: dno spark. ey white spark 
Wid inductive reactance. SAS 















fe. with slight discharne, the primary vurrent increases 
rapidly at first and relatively’ very slowly afterwards (e); 
finally, if the sparks are very hot, or if the secondary’ is 
short-circuited, the rate of increase is so rapid that the rup. 
turing value is soon reached and the frequency of the 
interruptions increasel (j). The eflect of the seconiary: 
current is so marked that a periodic variation of sound 
when the spark is hot enough to extinguish itself by the 
current of air which it produces, can be observed: the 
note emitted is noticeably lowered each tie that a hot 
spark is thus broken anil gives place to a white spark: this 
Phenomenon has been photographed with an oscillograph 
an! is shown in Fig. 45 (B, No, Si) 

A very interesting fact is noted fram examination of 
this oscillogram; namdy, the current is not always inter- 
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rupted; in fact, the greater the frequency the less the 
current value approaches zero. The very peaked crests 
in this case (Fig. 45) are due to the small resistance of 
the primary circuit. Fig, 46 shows the effect of adding 
resistance; the wave-form in this case is more like the ones 
shown in Fig. 4; the frequency is about 330 interruptions 
per second 

The mean value of current depends directly upon the 


Pio. 4. 


surface of the active electrode; it is neatly independent 
of the voltage of the source, Of the resistance an! the 
cooficient of seltinduction of the cireuit. It can be 
ssnumod as given by Wehnelt (B. No, 48), that the earrest 
sionsity de about 0.4 ampere per square millimeter of anode 
surface. 
Tro factors affect the mean value of the current, namely 

the temperature of the solution amt the value of the scr. 
ondsry current. When the temperature rises. the mican 
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Fis. 4. 














corrent value decreases: at about 90° cent, en anate 
having four or five vimes the surface must ‘be used in 
order to obtain the same mean current value as that 
obtained ator tempertures. The effect of the 
swondary current is twofold; it affects the wave-form 
the maximum vatue (Pig. 4 
16. Phases of the phenomenon. The phenomena which 
are produced in the Webnelt interrupter are complex 
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However, it is possible to distinguish three phases, accord- 
ing to the respective values of the diferent factors. At 
low voltage and at ruom temperature, the active electrode 
being the anode, a simple electrolysis of the solution is 
produced. 

Increasing the e.m.., E, interruptions commence, the 
formation of bubbles at the anode is more violent and the 
current value increases. The more the eum. i increased 
the more marked these phenomena and the greater the 
frequency. 

Above a certain value, the phenomena change. ‘The 
Platinum Lecomes red and the current value decreases; 
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the interruptions cease. When this limit is attained, it 
is possible to reestablish the secon phase by increasing 
the coefficient of self-indaction of the circuit (B. No. G1 
Bary has studied the limits of these "phases " by 
Varying the sef-induction and the voltage; the results 
which he obtained (B. No. 1) are summarized in Fig. 47 
The logarithms of the coefficients of self-induction are 
Plotted ax ortinates and the voltages as abscissas; the 
three phases are represented by different points, and the 
heavy broken line indicater the boundary between the 
Webnelt phenmenon (2d phase) and the two others 
‘This broken line is approximated by a smuuth curve. 
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which represents the probable form of the boundary curve. 
The three “ phases" are clearly separated in the fgu’ 
and it is easy to understand the experiment of Corbino 
(B, No. 64), who produces the second phase by introducing 
a bundle of iron wire into the core of a coil carrying the 
primary current, 

The temperature of the electrolyte plays an important 
séle in these phenomena; when it rises the boundary Ii 
lowers. At ordinary room temperature the second phase 
obtained—the only one that is useful for induction coils, 
between 30 or 40 and 150 volts, according to the value of 
the coefficient of self-induction, When the temperature of 
the electrolyte attains 90° cent., the interruptions begin 
at about 10 or 12 volts, but it is impossible to run steadily 
at 100 volts. At temperatures alnve 102 cent, the dilute 
sulphuric acid boils. the interruptions become very irregular, 
and it is almost impossible to maintain operation with 
emufs. above 30 or 40 volts 

‘The effect of pressure is equally marked. When the 
pressurc is very low, the interruptions become stower and 
they may cease altogether (B. No. 52): under 60 mm. of 
mercury. the “lost time" increased; on the other hand, 
above atmospheric pressure (2 hg. per sa.cm., for instance), 
there is no list ime. For very high pressures, the phe- 
nomenon ceases, in the same way as for very low pressures. 

When the direction of the current is reversed, 4. when 
the active elevtrade becomes calhule, the interuptions 
become lest frequent and less sudden, the length of th 
secondary sparks much less.and it becomes reduced ta such 
an extent that the Wehnelt interrupter ean be 3 
tess one-half of sa altemating-current wave, thus giving 2 
discharge always in the same dirwtinn 

The acti de, When observed with a. spectra 
stope, gives a diferent spectrum depending on whether 
it is st ease (ante! the 
twinkish fight schich at 
rays. among which that of kesfrgen i prominent, Ta the 
ight is brighter and whiter aed 
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there is the incandescence of platinum, the spoctnam iz 
continuous; the temperature is really higher. since the 
Platinum often melts. 

17. Elements of the theory.—The preceding expersmenta 
fats permit the formation of an approximate idea of the 
Phenomena. Thera exists, between the active electrode 
and the electrolyte, a relatively high resistance: the eur 
rent produces, at this point an amount of heat sufficient 
to vaporize the layer of solution; the steam forms an in- 
Sulating envelope around the electrode anil interrupts the 
current, At this moment, the rapid change in the car~ 
rent value produces an cmt. of selfinduction, that is 
high enough to rupture the layer of vapor; it is tis spark. 
that:gives the pinkish color to the fight vmitved bythe 
anode; when the selfinduction is too small, the pink color 
disappears. The envelope uf rapor being destroyed, by a 
Process as vet little understood, the solution ‘vain con- 
tact with the electrate aml the current is revstablishe!, 

‘The nature of the resistance between the anade and 
the electrolrte is not known. Gaguidre (B. No 86) ate 
tribuies it to the gas bubbles released by the clecteolysia 
of the solution. If it is assumed that this release of 
bubbles is uniform, the electrode is surrounded hy a layer 
of sual and equal bubbles: and if it is further assumed 
that a surface concentric with the electrode cuts. these 
Bubbles in their tong diameter, om this surface the con- 
ducting section is evidently very much reduced, the 
electrolyte becomes more heated than in other places and 
Produces vaporization. According to this hypothesis the 
Tupture would take place between two layers of electrolyte 
and ot between the liquid and the anode: the platinum 
Would not participate in the tuminoas phenomenon ant 
its temperature would not rise above that of the builing 
liquid. This hypothesis does not explain the dissymmetry 
of the Wehnelt interrupter, and it indicates that the 
current density at which the rapture is produce! should 
vary with the shameter of the platinum wire, since the 
Phenomenon takes place in a layer concentric with it, 
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al, comequently of larger diameter. Tt will be neces 
sary (0 telly this deduction sina ts eénrary toll th 
we know ‘up to the present writing. 

The resistance, Ry, between the eletrode and the eles- 
trolyte, is variable; it i a function of the arca of surface 
A, of the electrode, of the current value, /, of the tem- 




















perature, f, and the time, 7, 
a6 (4D, oy 
The value of the primary cyrrent, at any inotant, is 
e-g 
t= @ 


R being the resistance of the constant part of the circuit, 
In onter to form the vapor. a certain quantity of heat 
corresponding to the energy. IV, must be libera 

















‘ay 
The time T, at the end of which the rupture occurs, dee 
pends therefore, upon the resistance, Re. It is difficult to 
say exactly how Ry varies before the rupture; neglecting 





the reaction of the secondary 
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cs shows that R, increases 





Examination of current cur 








and diminickes az a function of time; it is. therefore, 
a 
caleulate Fant 7 





is again increased by T,; in fact, the 
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variation i= so rapid that it is impostible to draw any 
certain conclusions from the oscillograph curves concern 
ing the variation of Re 

In absence of more accurate information, it is possible 
to draw some interesting conclusions from the equations 
Neglecting the reaction of the secondary current, it is seen 
that the em.f, generated ia the circuit, 


we Me (eee), 


is proportional to the ratio of transiormation of the coil: 
therefore, within certain well defined limits, it is advan- 
tageous to decrease the number of primary turns; this is 
verified by experiment. On the other hand, the diminution 
of L by changing the iron core, is uscless, since AY dimin- 
ishes at the same time and the ratio remains constant 

Tt has been noted that the lost time in an electrolytic 
interrupter is very short. Simon (B. No. 58) considers 
it as constant; he also assumes the resistance, Ry, tu be 
constant and then calculates the time required te produce 
mm of the envelope of 














the heat necessary for the for 
steam, This valculation leads him to give as the cu: 
plete period of the interrupter, 
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This formula, which has been verified by Rule 
(B. No. 63), has been questioned by others: it dacs mat 
seem to be susceptible of general application, since the 
oscillograph shows that the resistance, R,, is variable and 
rarely the sime in two successive interruptions, It must 
also be remembered that & must synain within rath: 
narrow limits in order to maintain the second phase 
of the phenomenun, 

From erjuation 
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which shows the influence of the secondary current, 4, 
upoa the establishment of the primary current; if i is at 


this instant decreasing in value, the factor, 4". has the 





sia spt beac Yeeros wor 


alone. 

‘There is a very important difference between the per- 
formance of electrolytic interrupters and mechanical inter- 
rupters. With electrolytic interrupters. at the moment 
the primary current becomes zero, the total energy also 
becomes zero, since there is no primary capacity in which 
to store it, It is, therefore, impossible to have sparks at 
this moment, unless the capacity: of the secondary be 
sufficient to accumulate a part of the energy. 

‘The efficioncy of the Wehndlt interrupter is very low, bo- 
‘cause of the considerable heating of the electrolyte: it is 
not unusual 19 find more than 80 per cent, of the enetgy 
dissipated in the form of heat in the interrupter alone 

All that we have said is equally applicable to the Simon 
interrupter, as well as Wehnelt’s; Re then represents the 
resistance of the liquid conductor which connects the wo 
compartny 1k is possible that this resistance say 
hve more consiant than in the Wehnelt interrupter: there- 
fore, Simon's formula (6) is perhaps more applicable 

In the normal operation of the Wehnelt interrupter, 
eavdlope of steam being formed, what is the cause of its 
disappearance? Some (B. No. 66) believe that the spark 
of the “extra current ignites the explosive mixture at 




















the anode and that the explesion drives away the steam 
Tw this hypothesis the following objection may be mate 
rhe gas released from the electrolyte is always collected 
at the anole and the cathode, moreover if the gas at the 
anode a muxture of hydrogen aml oxygen it is incecel 
estraoplinary that this mixture has escapol being ignites! 
eure, The sulutivn adjacent te i 

seems to play the réle of cathode. the stem ant 
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liquid appear to behave like two voltmeters connected 
in series. ‘The volume of gas collected at the amade, 
according to Walter, is two and one-half times greater 
than would be expected according to Faraday's law. 

Certain authors suxgest the condensation of the vapor; 
others claim that the gas and vapor are scleased in quan, 
tities sufficiently large to account for the tumultuous 
movements of the electrolyte which reestablich the con 
tact. Direct observation reveals an upward current of 
large bubbles, which burst at the surface of the electrolyte. 
Wenelt observed, with a rotating mirror, the relatively 
slow formation of the gaseous envelope, then its dissolu 
tion into little bubbles, interrupting the current. Child 
(B. No. 62) calls attention to the fact that the high em.£, 
which exists between the points of rupture, produces 
consiferable electrostatic pressure upon the gas envelope. 
thus facilitating the expulsion of the vapor. Finally 
Gagnitve (B, No. SI) attributes the return to the orig. 
inal state, to the variation of the internal pressure of the 
bubbles and the surface tension of the liquid 

A very peculiar phenomenon tales place in the Simon 
interrupter. When ons of the electrites is placed in a 
Perforated tube that is mmersed in a jar containing the 
socom! electrode, st is seen that the operation of the ap- 
Paratus causes the level of the liquid in the tube to tise 
€ fall The phenomeayn appears to be caused. by the 
elative facility: with which the bubbles of gas and vapor 
are formed at one side or the other; in cortaia cages, this 
is of great importance since it is possible to obtain a 
change in level of about one meter 

1S Electrolytic interrupters for alternating current,— 
With alternating current the Wehnelt interrupter gives 
unequal interruptions, which is just what would be ex. 
pected frum what ie known of its chararteristics, Messrs 
Kallic and Bichberg (B. No, 54). who stusied the epora 
tion of the Webinelt interrupter with alternating current 
observer that the discharge did ant commence until the 
instant when the positive half of the wave had attained 
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a certain value and from this instant the interruption 
became more frequentas themaximum of F was approached 
and then decreasing in frequency toward the rero value 
‘The same phenomenon was observed in the negative 
half, except that the secondary sparks were extreme 
short. 

This phenomenon can easily be observed with an oxcillo: 
graph (B. No. 84), if care is taken to keep the value of 
the coefficient of self-induction so low that numerous 
interruptions will take place in each wave hall, Pig. 48 
shows distinctly the difference between the positive and the 





Fic, 48 


negative tal of the wave: the frequency hing ee in the 
negative Half Tt alr seen that the frstueney ie great 
Stor the masini ames 

The dlerence between the postive amt negative dis 
us qual in length for 











perlectly symmetrical, The sparks are 
cack half-wave but are opposite in sign 

When a Wehnelt interrupter is used for rectifying alter 
nating current, it often happens that the active electrode 
becomes fused, because as is well known the platinum 
point, when used as cathwte, heats considerably. 



































CHAPTER V, 
THE SECONDARY CURRENT. 


19, Striking or disruptive voltages.—In order that a 
spark shall pass between two conductors that are separated 
from each other, there must exist between them a dif- 
ference of electrical potential, the value of which depends 
upon the length of the gap, the form and mature of the 
conductors, and the nature and condition of the medium in 
which the spark must form. ‘The difference of potential, 
which is often called the striking voltage, has been deter. 
mined by various physicists, under varying conditions, 
and the results obtained, which differ greatly from one an 
‘other, should be considered only as approximate indica 
tions of magnitude of the e:m.fs 

All bodies oppose the establishment of a spark with a 
certain resistance that varies in value with the thickness, 
The striking voltage necessary to rupture one centimeter 
of the substance considered, is often called the dieletric 
Strength. The ratio of the striking voltage to the thick 
ness is not constant: the dislectsie strength decreases (ais) 
‘with the thickness. 

Figs. 49 and 50 show striking voltages found by various 
experimenters, for air under normal conditions of pressure 
and temperature. 

The valuss given by Joubert were obtained from ex: 
Deriments made with a static machine charging condensers; 
the sparks were formed between brass balls 22 mm. in 
diameter. 

Thomas Gray (B. No, 97). who has extensively investi- 
gated the dielectric strength of many different insulating 
materials, measured the strength of air by passing sparks 
between two plates, 
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C. E, Skinner (B. No, 38) measured the striking voltage 
between two needle points; the e.m.f being furnished by 
transformers capable of giving 200,000 volts. The figures 
given by this author indicate the mean effective value of 
the emt, the wave-iorm being taken as sinusoidal. In 
comparing this curve with the other given in Figs. 49 
and 50 the values given by Skinner must be mult 
plied by V2. 

‘The German physicist Oberbeck (B. No. 40) made some 
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measurements of the striking voltages between a plate 
and needie point and established the well known fact that 
the striking voltage is greater when the point i negative 
than when it is positive, 

Klingelfuss (B, No. 74) measured the striking voltage 
directly. using an induction coil; he used as electrodes a 
Plate and a point, the latter being positive. It was ex- 
plained on page 59 why these results can be considered 
as the upper limit, 
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Finally, of the numerous determinations whick have 
been made, those made recently by de Kowalski (B, 
No. 87), are given. He measured the emt. between a 
« brass ball 2 em. in diameter and a plate of the same metal 
158 mm. in diameter, The tests being made with eum. 
supplied by a continuous-curtent generator that was used 
{© charge condensers; under these conditions the e.m. 
‘can be very accurately measured with ordinary commercial 
voltmeters 

The eurves in Figs. 49 and 60, excepting that of Klingel- 
fuss, show clearly that the voltage increases less rapidly 














2 at ® 
Fie. 50. 
than the distance, This fact should be borne in min 
Because it wonkl be pussible to conelwte that since th 
curve of the maximum current values as a function of the 
spark lengths (Fig. 17) shows a flexion, the 

euil or the interrupter has some in ite operat 
Dr. C. Baur (B. No. $6) gives an equation for the mean 
if voltage of dielectries, 
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Wherein 1 is the thickness of the dielectric (epark-gap), 
which correspomls ws the voltage, £, and ca constant 
This formula fits the general form of the curves very well 
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In reality, the nature of a spark is not so well defined 
that absolute values can be attached to quantities shown 
by the curves described above 

‘The pressure of the gas has a marked effect on the 
sparking distance. The striking voltage decreases with 
the pressure down to a certain value—a few millimeters 
for air—then it increases very rapidly and becomes very 
great for the most perfect vacuum that can be obtained 
in practice. Above the atmosphoric pressure the striking 
voltage increases. In both cases, abave and below normal 
Pressure, the nature of the spark changes, 

20. Sparks.—In order to obtain the longest possible 
sparks with a given value of emf, the negative electrode 
must bea plate and the positive one a point; in which case 
the sparks are directed at the center of the plate, or just 
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Pio. 31 





mt as shown in 4 (Fig. 51). The spark may be white 
Gr less yellow, thick and silent; 
plate the ter and more 
Tomsinous, diet the metallic sapors. When, on the other 
Ihamd, the paint is made n 

the value of the emf must be much grea 
sparks, instead of furming between the center of the 
jad the point, start ftom the edge of the plate, B (Fig, 51) 
This difference is very characteristic, it forms one of the 
inst means of determining the polarity of the discharge 

an induction coil 

When the distance between the point and the plate is 
much less than could be used with the coil the spark is 
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“Profesor Rean found that for pressures api to abet 150 
Per sy in. the dieketric steength of ar 
solute pressure and inversely a8 the alvolite temperature OV K 
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thick and silent and the difference in polarity of the dis 
charges disappears almost completely reason, the 
point and plate should be separated as mach as possible 
when it is desired to distinguish the polatity of the dis- 
charge. 

When the sparks are furnished by: a sufficiently powerful 
source, they are clear and give a characteristic crackling 
sound, providing the voltage greatly exceeds the striking 
voltage; in this case the sparks approach an are. If the 

tly powerful the electrodes become 
slowly charged to the same potential as before, then form 
continuous and silent brush discharge, which ic srarcely 

i it appear that the striking voltage has not 
been quite attainel. If, without changing anvthiny else, 
the ean. of the suurce is increased, the brush discharge in- 
creases in magnitude and sparks are formed without 
there being any siden change from one phenomenon to 
the other. It is, in a great measure, due to this difficulty 
in distinguishing the dividing line between brush discharge 
and actual breakilown, that such sifferent results for the 
striking voltage are obtained. Whe a condenser charged 
to a high voltage by @ generator és used as a source. the 
first spark jumps just as soon as ihe striking voltage is 
reached this syark heats the air amt reduces its resistance; 
then a second spark is formed ant eo on the fr 
steadily increasing up to a certain limit, which is determined 
by the renewal of the air; the heatul air rises and is re- 
placed by cold air which again increases the resistance 
If the voltage is kept Constant, and the available power 
fs increased (for instance, by decreasing the resistance of 
the prim the frequency uf the sparks increases 
up to the moment when the ciceuit is closed ehurt thriugh 
the envelope of hot air; at this point a sort of are. having 
a low but finite resistance, is formot (I. Nos. i) and 
erything that tens to disperse this envelope of hot air 
sucht as a draught of air or a magnetic field, will tend to 
reestablish sparks and extinguish the ar 

Jn the succession uf sparks which have just be 
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the first are white, thin and straight or composed of 
straight lines; their sound is sharp. When the heated air 
facilitates the passage of sparks, their color changes, they 
become yellow or reddish; their sound becomes softer. 
Finally, when the are forms its size depends upon the value 
of the current: it is completely silent. when the current is 
continuous and produces a sound depending on the fre- 
quency when the current is alternating. 

Summing up. all that need be remembered, since w 
are going to apply it to induction coils, is that discharges 
between two conductors always begin with one or several 
separate syarks, after which the performance depends 
upon the power of the source 

In order to have it complete, it should be added that 
brush discharge precedes the first spark. This phenom- 
enon has been photographed by Walter (B. No. 57) 

Since the discharge cannot take place except for a certain 
eat, it is possible, providing the secondary vapacity is 
‘small, to nogleot the action of the secondary circuit up to 
the moment when the sparks or brush discharges appear: 
thas justifying the assumptions made in developing the 
elomentary theory in Chapter ILL 

21. An outline of disruptive discharge.—Assume a cvil of 
average dimensions. using a low-frequency interrupter. so 
as to separnte the successive discharges, and caine the 

















cirenit with a current of proper value. If the syark-eap 
terminals are too far apart, no spark will be pro 

Luv inthe dark. brush discharge and corana effect « 
seen along the external secondary circuit, eepecially 
Where there are points or projections; the eflect is some- 
times beautiful. Bringing the electrodes nearer together 
sparks ace produced, at first white, thin, noisy an 
straight. more often in the form of a broken line. Bringing 
the electrodes stil nearer together the sparks become 
fatter and more sdsy, Continuing 19 reduce the spart-eap 
the sparks bevome fatter and less noisy: they turn yellow 
or rei, retaining a sort of a white core that is moze b 
minous than the rest of the spark. Finally, for a very 
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short airzap cach discharge i6 a thick spark, making a 
Jow hissing noise and appearing like a light yellow flame 
the center of which is a little deeper color; the spark is 
very hot; it instantly ignites paper and i constantly 
boing earrio! wp by the current wf heated air 

In certain induction coils the sparks are never yellow: 
they always remain white and brilliant, and the crashing 
noise increases when the gap is decreased; these are ver~ 
itable conslenser sparks due to the relatively large capacity 
of the secondary. 

The same succession of phewsntena could be obtained 
by fixing the electrodes to give a short enough airgap 
and gradually increasing the current, leaving the spark gap 
constant. 

‘The curves shown in Fig. 











will aid in explaining what. 





ust attains the striking voltage. 
one snark is prodwed (4, Fig. 52 (he duwation of the 
sparks ing unkown thes atv represented hereby 
simple vertical lines), Decreasing the length of the gay 
(B. Fig. 82), spark pmaduce as soon a8 a 
and the conductors are discharged , but the coil continues 
to farnish energy, the em. inervases again and a new spark 
i formed anil i followed by others watil the emf js no 
longer great envzh to rae the electrodes to the striking 
voltage. 

How does the phenomenon of disruptive discharge take 
Place? Tho first spark heats the air so that the second 
encounters less resistance, and So on: the result is that the 
striking voltage is continuously stoereased frum) Fyy to 
E, (B. Fig. 52).and that the frequeniey« 
ously increases from the bgtinniny 


























the sparks cvntinu- 
th the ent of the 
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dizeharge. Abraham (B. No. 60) observed snalogous 
Phenomena in the discharge of condensers, that were 
charged from an alternatinz-current source. It is evident 
thatin the descending portion of the eurve, ¢,(B, Fig. 52), 
the irequetey of the sparks could decrease because of the 
decrease in the cmd. It is this part of the discharge 
that appears to the eye to be a single fat spark. 

When the air-gap is atill more reduced the striking volt 
ae, Fy. decreases (C, Fig. 52), and the frequency of the 
sparks increases; the heating of the air is greater than 
before, so that the emJ. is sufficient to strike and main- 
tain an are; the arc is represented by the cross-hatched 
portion of the curve in G, Fig. 52. In this case the partial 
sparks at the beginning produce the white core nf the hot 
sparks 

The conventional reprete 











sion of the sparks given tn 
Fig, 52 dics not exactly represent what takes place. Each 
spark, resented by a single vertical fine, may be a v 
complicated phenomenon; it may contain a great many 
xcillations, or it may consist of a great many discharges 
in the same dieeiion. However the duration of the total 
discharge (one spark) is e short in compari to the 
ave of secontary em... ¢,, that itis impossible to rep: 
resent both phenomena to the same seale 

22. Properties of sparks. —Although, as was said before, 
the sparks do not differ fmm ome another im a Well de 
fined-manrer, the characteristic features have been es 
tablished for each phase, The white spark, when ob- 








‘a spectroscope, always gives the lines of the 





served wit 
metals between which it is formed, When the spark is 
Teng, the white part of the spark is often found cnly near 
the negative dectrode, and it i= here only that the lines 
of metal ate found in the spectrum; in the rest of the 
spark, as in all hot sparks of yellow of red color, the spec- 
trum is striped, like that of gas 

The ex 43 of Hmsealoch showed that in the dis. 
charg iopluction vil, there 
are nearly alvays obta 
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for each discharge several 
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osillating or intermittent sparks, and the reaton that 
the first straight-line spark is very brilliant, is that the 
air is incandescent; the metallic vapors come afterward and 
mix with the heated air, It seems that, without a con- 
Genser and for long sparks, the phenomena are not the 
‘same; tho are, when it is produced, dacs not show any 
metallic lines, at least, they are hidden by the spectrum of 

The white sparks, which, as we have seen, cause sudden 
and more or less frequent variations in the current value, 
naturally have very marked inductive propertics; this can 
be demonstmted by a very simple experiment (B. No, 33), 
Connect in the secondary loads to the spark-gap, a loop 
of wire several contimetors in diameter, the torminals of 














hcan_he connected be a micmmet 





map ot, by in 


Fig, 51. Between @ and & the difference in potential will 
be propurtional to 








wind 

biagsoiea di 
indie got ie aacol er poaaeetan cases 
sree is guvcgepr ase ee a ta ieee ee 





R may be 
of fares 


wglected, As lnng as the variations in the value 
all, there ate ny sparks between @ and hy; this is 
he case when the syurk is h 














As soon as the white sparks 





appear, a small syark passes 


acruss ab, the gap offering less impedance than the loop: 
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to the fact that the instantaneous value of # is infinitely 
greater than would be judged from the mean value of 
the current. Anything that tends to establish white 
sparks in the main gap will produce sparks at @ 5 
stance, if hot spark is established between the terminals, by 
blowing against it one can show that simultaneously with 
the formation of a white spark there isa discharge at ab, 
‘The hot spark corresponds to a lesser emf, drop, be- 
cause the resistance of the heated air is ess than that of 
cold air. However, the airgap docs aot behave like a 
metallic conductor; no spark can pase until a definite 
Potential difference has beon reached. This fact can be 
demonstrated by a simple and interesting experiment: A 
coil is excited by a powerful source, and is provided with 
& very rapid interrupter—a Wehnelt, for instance. The 
spark-gap is adjusted 1 give a very hot spark, @ sort 
‘of an ars come centimeters in length. If, now, a wice ie 
attached to ope of the electrodes, preferably the positive 
and if the other end of this wire is brought near to the 
negative plate, it is seen that the distance hetteen the 
plateand the wire must be made four or five times less than 
the sjark-zap before a spark will orm there in preference 
to its 9H pau abandon the fist 
in favor of the second. Afterward the wire can be 
Sravn avvay froms thy and the spark lengthened ; it 
veil not resume its old path until the distance becomes 50 
great that the discharge is stopped; it is also possitle to 
lead the spark back to the point electrode, This ex- 
periment shows that even sith a very hot spark, the re 











= then it will completely 








reat because it absurbs an emf. sufficient to 








break dawn eoveral centimeters of cold air, and 
because tw dieharge will take place in the heatel air 
helow a certain value of potential difference, since the 
shunted! gap immediately takes all the discharge 

Up tu this joint we have considered only sparks which 
are distinctly separated fren une another, such as would 
be obtained with low-frequency interrupters: the last 
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experiment shows that the aspect of things changes when 
the interval between two consecutive sparks is so short 
that the path of heated air has not time to escape. 

With rapid interrupters, the striking distance being 
that which corresponds to white spacks, the discharge is 
at first a flux of crackling sparks, which i¢ more or less 
quickly transformed into a hot and silent stream. often 
streaked with white lines: this phenomenon is often ob- 
tained with the Webnelt, interrupter. 

The high-speed interrupters sometimes facilitate the 
discharge in the following manner: The coil being unable 
to break down the airgap, corona and brush discharge 
will take place with each interruption of the current, and 
these phenomena heat the air, so that, at a certain instant, 
a discharge between the electrodes will take place, (The 
Violet rays from the brush discharge also act to render 
the gap more conducting.) The discharge, once established, 
will continae, Tt shoull be noted that, in this case, the 
discharge most often changes from bruth discharge to a hot 
spark, because the greater heating effect of the hat spark. 
tends to facilitate the discharge. It is generally in this 
manner that the hot sparks, given by electrolytic inter- 
rupters, are formed. 

When the sparks are once established, it is possible to 
increase the epark-gap: with the very high frequency given 
by the electrolytic interruptors, i ie easy: enough in this 
way to double the length of the spark: it is for this reason 
that certain persons have claimed to have obtained much 
Tonger sparks with electrolytic interrupters than with 
mechanical interrupters 

The decrease in the resistance of the air, whon the tem- 
perature is raised, can be demonstrated in the following 
manner: The electrodes being placed far enowgh apart to 
Prevent a discharge, approach the gap with a flame. (gas 
Jet. alcohol or even a match), when the discharge will 
immetiately take place. This experiment will succeed if 

is taken to arljust the spark-gap so that it just slightly 
exceeds the explisive ur stihing distance. 






































CHAPTER VI. 


POWER AND EFFICIENCY OF INDUCTION CONS, 





23. Power and efficiency. —The power absorbed by a coil 
depends upon the resistance of the primary circuit, on 
\e coefficient of self-induction and the emf. employed; 
often also, when the secondary is closed upon itself or 





through alarge capacity, the power is a function of thie 
circuit also. No mattor what the conditions of the pri- 
circuit may be we have seen thal only a part of the 
absorbed is utilized for induction; this is the en- 
ergy Which has been stored in the maymetic field, namely: 
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In a coil excited by a continuons-current source of 
em4., E, the energy absorbed at any instant is 





Eldy 





wwe E is constant, the power absorbed is 
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on F = 
nobfoa 


the product of the constant ean, 
of current, 1 

Ti a discharges are praduced per sent. the power 
¢ induction is we IV, and we van define the pre 
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this is called the efficiency of the circuit; it will be seon 
that itis possible by proper choice of the factors, E end R, 
to increase the efficiency to a maximum value 

Witheach discharge, the energy W,, 1s released ; part being 
dissipated ag heat in the secondary and in the in cor, 
the rest being stilized. If the useful enor ie designated 
as, the ratio, ns between wand IV, represents what is 
called the secondary efficiency of the cil, 
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‘The product of 4, aml gy represents the total efficiency, 9 
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Little is Known of the total efficiency af a evil, because it 
wsible to find the " cecondary efli- 





ie almost always 
ciency” of a coil 

The efficiency of the cireuit is easy enough to deter 
imine, when the coofficient of selt-inductinn, L, and the mim- 
ber of interruptions, 1, is known, because the measurement 
of the powerinpul, F fm, is a very simple matter. 

The total efficiene bbe determined except 
in two cases. When the secondary circuit is cloted through 
@ constant resistance, r', and the mean effective value of 
the current is &, the useful power is 








can scarce! 





Pair, 


and the total efficiency is 





The second case is when the secondary circuit is closed 
though a relatively large capacity; if. then, the longest 
possible sparks are ubtained, it can be assumed that the 
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the recondary capacity is entirely utilized 
ne 


energy stored 
in the discharges, so that the encryy of each disc 
is very closely 











and the secondary efficiency may attain 


tea 2 SPS 
from which, if m is known, the total efficiency is 


nee? 








In this test it is well to use balls for the sparke-gap ter 
minals, s as to be able to refer ta knwwn striking e.m. 69 
or better yet, to measure by another method the emf, 
corresponding to the length of spark obtained. A gow! 
Precantion i to use low-frequency sparks so 2¢ to avoid 
heating the air amv the terminals of the gap. 

In experiments male on various types of colls charging 
Lepden jars of large capacity 
tained an efficiency: above 50 per cent... and generally 
nearer 40 per cent. 

The efficiency of the circuit is easier 10 measure aad it 
can, in many cases, be improved the factors which can be 
manipulated to this end are: The em{f. of the source. 
the duration of the contact and the resistance of the 
Gireuit. If, for instance, the current value, (Fig. 54), ie re 
quired, we know that this value is attained after a 
time; the higher the e.n.f. the shorter the time, 
the copper loss in the eirvuit is, 





the author haz never eb- 
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it is seen that itis proper to reduce the time by increasing 
the em.f,, E, as much as the interrupter will permit. 

Increasing the resistance, R, of the circuit, by a rheastat, 
(a commen practice), is contrary to proper utilization of 
the energy; but since it is a safeguanl to the coil, it is 
Detter to sacrifice a little of the wlfcieney in all’ cases 
where there is a fear that the cuntaet will be tov long for 
the em-f, employed. 

The efficiency increases with the em. of the source, 
bout the rate of increase of the efficiency is not constant, 
Jt falls off, s0 that there is a value of emt. above which 
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it is useless to yo; this value is 
10 R les 

However, the efficiency is not ihe only point which 
has bearing om the subject, i is oiten convenient to utilize 
Tightisig. cious at 110 ur 220 volts; with sullicien 
rapid liquid interrupters a good stilieation of the energy 
is obtained, providing it Fe not necessary to employ thes 
stats in series for regulating the current value 

With mercury interrupters, in which the duration of 
contact ran he regulated, the resuiation shaubl be sich 
as to give a value which will permit the attainment of very 


‘nerally’ equal ty abt 
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near the necessary current values, but the duration of 
contact should never be prolonged much beyond this 
Point, because the energy will be expended in pure loss. 

‘The increase of the voltage, E, permits a reduction of 
the duration of contact, it increases the efficiency and also 
Permits the use of an interruper of higher trequency'; 
therefore, the usual power of the coil, that is, the enemy 
which it can furnish in 2 given time under given condition: 
is increased 

If the number of interruptions, m, is increased by simply 
reducing the “lost time” between two consecutive dis- 
charges, the power of the coil is increased, But without 
any change in efficiency. the ratio between the output 
energy and the input energy in each discharge remains the 
same, 

With electrolytic interrupters, the total efficiency: may. 
be measured in both cases mentioned above. However 
it is very difficult to separate the efficiency of the coil from 
that of the circuit, since the resistance of the interrupter 
varies from i 

In order to compare two coils, it is necessary that the 
conditions be as nearly identical as possible and that the 
power absorbed by each for producing a given effect, be 
measured: however, it is possible to find for diffezent ¢ 
certain circuit conditions and methods of use, sich that the 
useful results will be equivalent; the comparison should 
not be made vatil the most favorable conditions for each 











tant to instant, 




















coil have been investigated 

With continuous current the power absorbed by the 
coil should he measured with a wattmeter, of, more simply 
and accurately, with any voltmeter and a Weston armneter. 
Since it is necessary’ to know the mean value of the current, 
all animeters giving the mean eflective value: Hot-wite 
clectrodynamometer, electromagnetic—should not be used 
in this case, as theit use may lead to very serious error 

In the secondary circuit. instruments should be used 
which give the mean effective value, because the two fact 
coms, ¢, and i, are variable 
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When the coil is connected to an altemating-current 
cireuit, a wattmeter must be used for measuring the 
power absorbed; there is no reason why the value of the 
Current and niean effective voltage should be measured, 
except where it is desired to control the regulation, 

24. The measurement of constants. —It is not within 
the scope of this work to enter into details of testing, and 
wwe will limit ourselves to pointingy out the importance 
and choice of methods. 

Resistance of the two cireuits of a coil should always be 
known, and sshien there is fear of an accident in the coil, 
iL is the, first measurement to be made, A coil in which 
the secondary is broken may continue to give apparently 
Rood results, but a Tittle spark between the broken points 
is capable of putting the whole cuil out of service. By verify 
ing the resistance from time to time, itis possible to detect, 
such an accivent before it has assumed much importance: 
this verification should always bemade after the coil has been 
transported, or has undergenie mechanical shocks whieh 
could cause the wires to rupture 

The measurement of resistance does not require 
reat accuracy. frei two to three per cent. at the most, 
because it is diticult to know the temperature of the mast 
within about five degrees centigrade. This lack of pre- 
cision makes impassible to discover the short-circuiting of 
a few turns in the secondary vident whith frequently 
‘oceurs.ani which iseapable of putting the coil out of service, 

In case a Wheatstone bride is nuit available, the resist. 
ance of a ceil can be measured with @ milliammeter or 
voltmeter, the value of the current derived from a known 
eumf., such as that from a continuouscurrent glting 
network, for esstmple, 

‘There aro nunierous metho 















































for measuring capacity 
but most of them require yerfect condensers, which re 
quirement is seldom fulfilled! by coil condensers: in each 
there generally exists a very strong polarization and a 
relatively’ consilerable conductivity; these two faults do 
not interfere with the operation of the coil, bat they render 
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the measurement of the capacity more diffeult. ‘The 
method to be most recommended for this sort of work,is 
that of Sauty. By replacing the galvanometer by a 
telephone, and the continuous current by an alternating 
current, the Capacity thus measured is, indeed, that which 
should be used in the calculation of the oscillations, It 
is always smaller than that obtained by the ballistic 
method, because the capacity due to polarization is al- 
‘most completely eliminated. 

The measurement of the coefficient of self-induction is 

often considered difficult; in reality it is just as easy to 
measure as resistance; it is simply a matter of choosing 
‘the method most adapted to the circuit. For induction 
coils, since all coils contain iron, zero methods should not 
bbe considered, and the deflection methods shoul be used 
The method used by Rayleigh of comparing a coefficient of 
sel{-induetion with a resistance is generally the most con- 
venient. 
Tt should not be forgotten that the coeficimnt of self 
duction ofa coil containing iton is a function of the am- 
pere-turns, (Fig. 34); consequenity, measurements which do 
not indictte the value of the current are useless; itis neces- 
sary to make several measurements coresponding to 
current values between zero and the maximum which 
Will be used in the coil, In measuring the cvetticient of 
sellinduction of the secondary, it is necessary 10 choose 
curront salues which will give about the same number of 
ampere-turns as that obtained) by the primary current 
values. 

The coefficient of mutual induction should also be de- 
termined for the same primary current values, In a 
Figotoas est it would be nevessary to take the secondary 
nce this latter is rarely known, 
it is necessary to measure the induction, assuming the 
secondary current to be zet. The most simple method 
is that of deflections in which the quantity of electricity 
produced in the secondary by reversing the primary current 
of which the value is known, is measured, ‘The ratio of 
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transformation, when it is not already known, may be 








determined by the ratio of the coeflicients: 
Mil ft 
oe NT ° 


In order that the ratio of transformation thus measured 
bbe exact, it is necessary tu introduce in the ratios the 
values which correspond approximately to the same num 
ber of amperetums; for Mf and L it suffices to know 
their value for the same primary current. For the other 
ratios, 





n 7 
m7! NT 
which may be done after a preliminary measurement with 
any valve of current has given an approximate Value to 
the ratio of transformation 

+25. Coil testing.—That which has been said conceming. 
operation of coils and interrupiers shows the complexity 
of the phenomena and demonctrates that shore, shoud 
‘be almost as many methods of testing as there are special 
applications for coils, There are, nevertheless. certain 
general tests which can be made, because they are char- 
acteristic of the worth of the coil. Among thew tests, 
fone of the must important is the determination of the 
length of the secondary sparks asa funetion ofthe primary 
current values. Ae was econ ja Chapter TH in tracing & 
curve of maximum current values as a function of the 
corresponding spark length, (Fig, asort of characteristic 
of the coil is obtained fora given condenser and interrupter. 
The form of this curve and is constancy are the best 
gurantees of the given coniltion of the eo 

Tho method of determining this characteristic of thecoll 
consists in testing it with aninterrupter giving a constant 
uration of contact which it Teng enough to permit the 
establishment of the full value of current as represented 

ital 

sane 
It is necessary to use a high voliage, that of a lighting 
circuit, for example, and insert a resistance in the 


ier 


























by theequ 











POWER AND EFFICI 





cy. o 


30 a5 to be able to vary the maximum value of current 
‘The current is measured with an ammeter when the inter- 
rupter is stopped and the circuit closed. 

For different values of curtent, Ingy, determine the maxi 
imum lengths of sparks which it is poreible to obtain and 
plot these lengths as abscissas, the corresponding. values 
of current being plotted as ordinates. 

Several curves may be constructed for different capac- 
ities. In this way the optimum capacity may be deter. 
mined, However, this optimum capacity holds only for 
the particular interrupter employed in the test, When 
the coil has been in operation for a certain time snd it ix 
desired to determine its condition, these tests should be 
repeated under identical conditions. 

The test should always be conducted progressively, 
commencing with the short sparks and plotting tie results 
obtained in the form of a curve, as soon as the curve has 
passed tho point of inflection (Fig. 17)—that is, as soon az 
it becomes convex to the abscissas. The primarycurrent 
should be increased very carefully, because this may be an 
indication of small discharges which take place within the 
coil, When the curve turns up too rapidly, increasing 
the primary current will have little effect on the length of 
the spark, and this length should be considered the prac 
tical limit, which should not be exceeded, 

Rapid interrupters and those in which the rupture is a 
function of the current value should not be used in this 
test: because one would by tempted to plot the length of 
the spark with a mean value of current, which is an indi- 
cation much too vague to be of use 

The optimum capacity can generally be judged by the 
result obtained; ite exact determination is quite difficult, 
because the effect produced is often impossible to meas. 
ture directly. Suificiently good results are generally 
obtained by choosing a capacity which gives, other 
things being equal. the greatest length of spark. In radi 
ography the aspect of the whe, the uniformity and the 
intensity of the light emitted, are good guides in choosing 
the capacity to be employe 
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Possible to give more precise indications on this subject; 
the cleverness of the operator plays an important part, one 
which it is impossible to eliminate 

26. Accidents and faults in coils.—Faults in coils are 
numerour and often very diffieult to locate. ‘The following 
indications may in some cases serve to recognize these faulte, 
‘but in repairing them it is best to eall in an electrician who 
possesses not only the tools necessary, but considerable 
experience in this line of work. 

Open circuits sometimes occur in the coil winding; they 
are casily recognized by measuring the'resistance. When 
the primary circuit is opened, the fault is immediately 
discovered because the small emf. of the source will 
not be able to estabiish any current in the circuit, Tt 
often happens that the wire i broken, but still in contact; 
in this case variation in the resistance of the contact will 
serve to indieate the trouble 

When the secondary coil is opened, the operation of the 
will not be immediately affected: but at the end of 
a certain time, the small spark which forms bet ween the ends 
of the broken wire burns the insulation of the neighboring 
turns and shortecircuits them, thus rapidly reducing the 
useful effect of the coll 

A much more frequetit accident is the short-circulting 
completely, or partially, oi the primary. Often this short 
circuit is dead and can be detected by measuring the re 
sistance, but more often i results from the carbonization 
of the insulation by the sparks duc to self-induction; in 
which case the carbon residue offers a considerable resist- 
ance to the test current, and in this way the primary re- 

stance appears not to have varied; tut when the coil 




















in operation, the current due to slf-insluction of the 
f finds an easy yath sated! at this, 
point, and the coil furnishes much shorter and weaker 
sparks, When this accident occurs, generally a very 
marked diminution of the spark at the interrupter is noted, 
‘which is easily visible in dry interrupters. and which makes 
itself known in- mercury interrupters by a characteristic 
heavy sonind 
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The short-circuiting of several turns is much more diffi 
cult to detect. However, this accident reduces to such 
an extent the efficiency of the coil, that it is almost impossi- 
Ue not to notice a deviation from normal operation, When 
one is certain that all other causes of pertubation are 
climinated, the fault may be located by burning ost the 
fart which is shortcircuited. ‘The enil being placed on 
short-circuit, and a high voltage applied vith a Wehnelt 
interrupter, furnishes a very hot spark of length correspond- 
ing to its normal operation; at the end of a very short time, 
the short-circuited turns, which are the seat of a very large 
current value, mett the insulation which surrounds them, and 
thus indicate the location of the fault. It is preferable 
to allow an expert to make this test 

A condenser may also be short-circuited; it is usual to 
detect this by measuring the resistance of the dielectric; 
‘an ordinary voltmeter is pat in series with the condenser 
aad connected to direct-current lighting mains. In case 
of a short-circuit, the indication of the voltmeter will be 
about the same, whether the terminals of the condenser 








ate short-cireuited of not 

Another case presents itself; namely. an abnormal 
resisiance in the conductors which connect the condenser 
to the interrupter; the parks due to the self-ndaction of 
the pritnary winding then become much stronger, and these 
n the secondary very much weaker, The nature of this 
trouble will only be recngnized after a careful examination 
cf the entite coil: a convenient method cunsists in remo 
ing the condenser from its bos and connecting it directly 
and secarely by short wires to the interrupter 

When the insulating tube, whieh separates the primary 
from the secondary punccured, or in general 
when a spark passes between the two sireuits, the secondary 
relaing a residual charge, which ean easily be detected by 
touching the terminals with a hand; this residual charge 
very chi istic of leakage herweet 
it is often an in length of sparks employed 
is too great for the cuil 
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CONSTRUCTION OF INDUCTION COILS, 





The primary.--The primary is the part easiest to 
construct, however, it is necessary ty take certain pre- 
cautions in order that the coil give results that are not 
medlivere 

In theelassi itis formed. 
of iron wires varying from 1 to 2 millimeters in diameter, 
which are arranged and assembled in concentric layers 
about a more rigid core of iron from 6 to S millimeters in 
diameter, These iron wires should be arranged with great. 
care, sy a5 to obtain the hest utilization of the space; they 
are fais] om layer by layer, each layer being covered with a 
coat of sarnish, In small coils less care is taken; the wires 
aré simply assembled i 2 bundle, tied together and all 
varnishe at the same time. Many times they are neither 
varnished nor tied togetler. When the nevessary diameter 
has heen obtained, the iron core is dried in an oven and is, 
afierwart covered with a layer of insulation, the thick 
ness of which depends upon the site of thecoil, This 
insulation is made of varnished paper, of Tinen, oF any 





form, the iron core is straig 





























other soli insulator. 

The primary wire is then wound upon the core in one 
or two layers, loved, it is 
xond practice to insulate one from the other with the same 
Kind of material that is use to insulate the core, because 
it should be remembered that there may exist between the 
terminals of the primary. e-m.fe, of several hundred volts 

The sire of wire to employ pen the dimensions 
of the coil, the value of eurtent whieh it has to earry anil 
the duration of continuams service, ‘The diameter of t 
primary wire varies from OG to 08 millimeter in small 
ignition coils, and from 2 10 3 muillimeters in large coils, 
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Although the efficiency is not greatly’ affected by the 
resistance of the primary circuit, it is good practice 10 
reduce thie resistance as mutch as possible in order to Kit 
the heating. which may be injurious to the insulation 
especially when the coil is intended for continuous service 

“Among the modifications and improvements in primary 
windings, one of the most important consists in substite 
ting for the single winding a care covered with several layers 
of wire, each layer entirely insulated {rom the others, ‘The 
terminals of each layer are connected to a terminal plate 
where they may be inter-connected in series or parallel 
50 a5 to vary the coefficient of self-induction and the resis 












Fig. 85 shows 
atessnr Walter ty Ts 
interrupter; there are four equal sev 








used with a Webnelt 


tions connected to eight insulated plugs The fe 








coambisatinns may be obtained: Fear vile in ceri 
two im series and two in parallel; and foste in parallel. I 
other models the connections are so 


the cutting im anit ow 








rranged as to perm 





of a greater or loss number of evils 








‘The iron core is otten formed of taminations. If the 
laminations are of eval breadth, Us ente will be recta 

lar. This makes it a little difficult 16 wind the primar 
and much more difficeh to wind the secondary, sd 
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therefore, is seldom used. Most often the laminations 
are made of different width and are ascembled 40 as to 
form a section that is inscribed in a circle. In both eases 
the laminations should be insulated from each other. ‘The 
use of sheets or laminations, instead of wire, gives a little 
better utilization of the space. 

In mogels using a closed magnetic circuit Une laminations 
are always used, becauce of the facility in construction, 
A model of this type isshown in Fig. Sti, This construction 
has not found much favor 

28, The secondary.—As has been pointed out. before. 
the secondary windings are made accorling to to different 




















methods: In layers ot in sections (Figs. 4 and 5). The 
Jayer winding is used only in very small coils; it is 
‘made by placing the coil in a lathe and winding the wire 
carefully #0 that the turns touch each other without crossing ; 
after the winding of each layer of wites, a sheet of varnished 
or paraffin papers inserted, so as to separate one layer from 
the other. Care must be taken to make the layers of paper 
several millimeters wider than the lavers of wire. The 
Winding being finished, the coil is plunged into a bath of 
hot paraffin or rosin, so as to fll all the spaces; itis aftes~ 
wards removed and allowed t0 cool 

‘This construction is largely employed for small ignition 
coils; the winding is often made by machine, and some 
times bare wire is used: the machine in this case winds 
the tums so that they are separated from each other by 
an air space, 
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‘The section, or pie construction, consistsintwooperations; 
the winding of the pies and their ascembly. The most 
commonly employed method up to within a few years, con- 
sisted in winding the pies in a bath of hot rosin, so as to 
fill the spaces between the wires and to glue them together. 
‘The apparatus employed is quite simple: It consists of 
a bobbin mounted on thearbor of a lathe or a wheel, below 
which is placed a metal basin filled wish hot rosin (Pig. 57) 
‘The bobbin is generally composed of two brass disks having, 
ani external diameter equal to that of the pie: these disks 
ase provided with a hole at the center through which a 
bolt is passed. A metal core having a diameter equal to 











the interior dismeter of the pies, and a length equal to the 
thickness which they should finally haveis placed between 
the two disks; these three piecesare rigidly fastened together 
by a central belt which completes the bebbin in which the 
Wire is ta he wound. Before commencing the winding, 
the disks and the core are covered with oiled paper, so as 
to facititate the removal of the pies; on the core several 
turns of paper ribbon of an appropriate width are wound, 
for Fings of cardboard cut to the proper diameter are used, 
‘The disks are covered with paper ckd on at the center 
bby the core, and at the outside by a ring or by any other 
convenient method. The wire is placed on a reel in front 
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of the bobbin and its end is passed through a small hole 
made near the center of onc of the disks. This being 
done, the basin of rosin is brought under the bobbin and 
raised until the bobbin is covered nearly to the axle. The 
iding is then commenced; it should be dane slowly so 
that the rosin will have time t penetrate thoroughly 
As soon as the bobbin is full, it is semoved from the lathe 
and allowed to cool, and then the pie is finished. In 
order to prevent the unwinding of the interior wires, the 
core of the bobbin is often provided with a cardboard ring 
which remains gived to the wire in the form of a rigid circle. 
In the old-style coils the pies were of nearly uniform 
ness, varying from two millimeters to three milli- 
meters, To-day, builders who still employ this method 











of manufacture, me 
thickness; it 
equipment; i 





ce the sections of extremely variable 
principally a question of convenience and 
is Impossible and useless to lay down any: 
rile regarding thie point. 








In assembling the pies, insulating disks are inserted 
between adjacent sections. The connections between 
the consecutive sections may te made by joining the 
terminal from the interior of ene te the exterior of the next 
(Fig. 58, 1): oF by joining alternately the two interine 
terminals, then the two exterior terminals (Fig. 5S, 2) 
In the first case the sections are assemliedd with the w 
ingsin the same direction: for mstisice. when the fier, 
the section is turned to the left in the winding am Tin 
all the faces, A are {urned te thelyf: inassembled wind 
In order to prevent contact between 
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the center toward the outside of the section, two insulating 
disks are used, the wire passing between them. In the 
second caso, the adjacent windings are reversed, 

The disks employed vary with the Builders; paper dipped 
{in rosin, o varnished wood, glass and ebonite have been 
used. At present, each builder has his owa preference. 
The essential condition to be met is that the disks have 
a safficient dielectric strongth to rorist the maximum 
difference in potential, to which they are liable to be 
subjected. Paper disks are still used to a considerable 
extent, In preparing them, moderately strong paper is 
immersed in a bath of melted rosin;a sufficient mumber of 
sheets are piled up (in no case should less than wo be 
tased, 50 as to lessen the lability of failure on account of 
‘4 cmal] hole in the paper). The pile is then cut into the 
shape of annular disks, the inside diameter being the same 
as that of the coil, and the exterior diameter being a little 
Jagger than that of the coil. 

The coils and the disks are assembled on a brass tabe 
having a diameter equal to the internal diameter of the 
coils, then the terminals are joined and soldered, The 
assembled winding then has a length which is greater than 
‘A will be in the finished coil; the winding is put in 
and at a sufliciently high temperature a moderate yressure 
will squeeze out the excess of rosin which was used in im- 
pregnating the disks. ‘The whole winding then becomes 
a compact. mass 

The wind 
thick wood, to which are fastened the brass teensinals 
of the secondary winding. The body of the win 
len wrapped with a temporary covering of pastel 
or thin metal, and receives a cuat of hot rosin, which wall 

















thon finishe!! by alding two en slisks of 















completely msulate it 
‘This methiel of man 
it is carefully earriet out, but aie con 





facture will give good results when 





ly an aon eau: 
Hiscatiefaction when used in making large induction 
coils, Tt is seldom tsed at present, The latest improve: 
ments consist mostly in new methods of manufacture: 
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Messrs. Rochefort & Wyitts were the first to introduce 
important modifications in the construction of induction 
coils (French patent No. 265728, April 6, 18071, In the 
first model they abandoned the method of using pies, 
and retumed to the layer winding, using one coil and fewer 
tums than was the usual practice. Furthermore, the 
entire coll was immersed in an insulating paste, so as to 
avoid fissures, which are often produced in the rosin and 
solid dielectrics, and also to avoid the deposit of carbon 
which results fram the decomposition of liquid dictoctrics. 
According to the patent, their icvlation consists of a hit 
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solution of paraffin in petroleum, which becomes a. jelly 
spon cooling, The secondary wining, as seen in Fig. 5!) 
is very short; itis placed at the misille of the primary at 

a pasition whore the induction has a maximum 
The first coils male according to this syst 
only 06 kilogranss of wire, where equivalent coils of uther 
sodels contained several kilograms 

1 present, Rochefort has increased the number of cle 
ary coils and connects them in series or prallel, ac 
cording to the service for which they are in The 
attention of the reader shoul be called to a particular prop 
erty of the layer winding, 
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capacity between the interior layers of the primary wind- 
ing is so large that the wire at the interior may be at a very 
low potential when the secondary is entirely insulated; from 
this it results that it is always necessary to connect the 
corresponding pole to the earth; this connection is neces- 
sary, as in wireless telegraphy, for example. Because of 
this property of the layer winding, Rochefort makes a 
practice of connecting the interior wire to the primary, and 
for this reason has given his coils thename " Unipolar.” In 
order to prevent this property from being an inconvenience, 
thie same builder joins two smaller coils, the two interior 
wires being connected together; the two terminals of the 
total coil then take up a potential equally elevated with 
respect to the earth, one positive and the other negative, 
This arrangement is equally symmetrical. 











Fic. 


Based on a theoretically well fosnded idea, Klingelfusshas 
evolved a peculiar coil, It is well known that the difference 
in potential between any two convolations of a coil increases 
with the number of convolutions which intervene im such 
‘a manner that in one pie the potential increases or de- 
‘creases in the direction of the diameter, according to the 
direction of the current, If tw pies connected at the 
facing each other, it i easy’ ty eee that 
the potential diferences increase from the center toward 
the exteriur; therefore, a disk of uniform thickness will be 
too thick at the center, and may be too thin at the estesior. 
In order to avoid this inconvenience. Klingelfuss (French 
patent No. Nov. 19, 11000) constructs the insula. 
ting disks of gradually increasing thicknesse: 
to the extreme system used by Ritchie, His pies contain 
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nly one thickness of wire. The winding itself is special; 
it is made by a machine not described in thie book, and by 
‘means of which each turn is so formed that it cannot come 
in contact with a neighboring turn, the silk covenngs of 
the wires do not even touch, A schematic drawing of 
the cross-section of the winding is shown in Fig. 60. A 
spiral plate, 1, being wound, is covered witt an insulating 
disk, 2; several turns of the new layer, 3, are placed upon 
this disk, then the whole is filed with a specially formed 
disk, 4. Upon this are wound several other turas, which 
are in tum covered with an insulating disk, 5, and so 
on. Fig. 6 shows clearly hew the number of insulating 
disks, that is the thickness of the dielectric, increases as 
the mumber of tars incrases, The special machine re- 
ferved 11 above, winds the wire in euch @ manner ss not 
to require any soldering, Properly speaking, ther 
no pies or sections; the winding is continuous, This 
method of construction is very interesting. especially 
for very large coils; it has permitted Klingelfass to build 
coils which give one-meter sparks and more and which 
will stand ap perfectly winder service 

Another vonstuctor, Leshe Miller, in an Emstish patent 
(Wo. $811. March 1, 1903) rvtsems pusely’ and simply to 
the Ritchie disk system: his coils is formed by flat spirals 
wound mechanically on disks of paper,and without destroy. 
ing the continuity. There is naturally a great number 
of these disks; coils giving 25-cm. to 43-em, sparks contain 
from 700 t0 1200 disks, similar 10 the one shown in Fig, 61. 
As in the Klingelfuss system, the neighboring turns da not 
touch one another, in view of which fact the winding may 
be made of bare wire 

Jt has often been pointed out that in ord 
‘maximum elect with a certain length of wire, itis necessary 
to give the coil a profile which will be inscribed in the lines 
of force of the maxnetic felt (Pig In. practice, 
since the secondary ig ahvays much shortur than the pal 
mary, the cylindrical form is equivalent, and there ie no 
need of complicating the construction by these small de- 
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tails, ‘The curve, M = /(X), in Fig. 62, is obtained by 
measuring in different positions the coefficient of mutual 
induction between the primary and a pie, the diameters 
of which are d, and d,; the ordinates, M, represent the 
relative values of the coeficients, and the abscissa the posi 
tions of the pie with respect to the iron core represented 
‘This curve shows that for a secondary coil having a length 
equal to onehalf that of the iron, the cosfficient, M, 
varies but fittle 

‘Attempts have been male to give the interior turns 
of the pies a diameter increasing from the center toward 




















the extremities, $0 as to inerease the distance between the 
primary and the secondary in proportion to the differeace 
in potential which exists Vetwoen thom, It is well to 
Know that the center of the cail is nat nevessarily st zero 
potential, and that dissymmetry in the discharge suffices 
to render the potential at ane uf the poles zero, or very 

1; then the middle of the tube must resist a potential 
If of the total exm4f., and the 














difference equal to ot 
extremity opposite must support double that amount 
The theoretical coil would have a form as indicated by 
the cross-hatched portion in the upper half of Pig. 62. but 
this method of construction is very seldom used. 
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29. Dielectrics.—The insulation between the primary 
and secondary is very important, It is obtained in general 
by the aid of @ glass, ebonite or micanite (reconstructed 
mica) tube, Oftentimes also for small coils, the tube is 
simply of cardboard, and in case the interior wire of the 
secondary is connected to the primary, the 16le played by 
‘the sevarating tube is simply that of a mechanical support 

Regardless of the diclectric chosen, the thickness. must 
be proportioned to the length of sparks furnished by the 
coil—varying from a few millimeters for small coils, up to 
20 or 30 millimeters for large ones. 

Glass, which was priacipally employed at the beginning, 





ce) form 
Fie. 62, 


hhas been almost entirely abandoned; ebonite and micanite 
are now preferred. Ebonite, in addition to possessing 
Rood insulating qualities. is mechanically strongy but it fe 
dlificult to avoid detects in the mass, which will preduce 
weak points. Micarite has, perhaps, a greater dielectric 
strength, but this is partly offset by the fact that the 
dielectric strength is atfected by the action ef ozone: 
therefore, it is necessary to completely envelope the mica. 
nite in another insulating material which will protect it 

from these effects 
There is generally play between the primary and the 
tube 5» that the primary ean be easily withdrawn: but the 
ary i nearly always glued to the tube by means of 
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an insulating material, such as rosin or paraffin, and the 
fastening should be such that there are no interstices in 
Which sparks may form; with liquid or paste-like dielectrics 
the same precaution is necessary. 

‘The exterior of the coil should be perfectly covered by 
an insulating layer more or less thick, according to the 
lengths of the sparks, co as to minimize leakage, which 
always takes place over the surfaces. It is equally im- 
Portant that there be nu empty spaces between this layer 
of insulation and the wire. Many coils are at present 
enclosed in boxes filled with wax, paralfin, or rosin, or 
some pasty or liquid insulator; the box is sometimes filled 

The dielectric strength is not the only qustity which tho 
‘material used for insulating the exterior of the coil should 
Possess, It should in addition possess the following 
‘qualities: Shoald not crack; should not melt under the 
action of moderate heat: should not possess a large temper- 
ature coefficient of expansion, and should not be hygre- 
scopic. There is no really perfect insulator; the rosins 
and the paraffins possess in part the requisite qualities, 
and cach builder has his own preferences prompted by 
his experience and the conditions of manofucture. 

30, Condensers.—Condensers used with induction coils 
Je up of sheets of tin-foil separated by sheets of 
some diclectric; this is most often varnished, rosined ot 
Paraliined paper, varnished or paraftined sil, or rubber, 
caoutchoue, and sometimes mica, It does not appear that 
‘the quality’ of the dielectric has much influence on the 
effi The only thing required, is that the 
thickness of the dhiolectric be sufficient to resist the differ- 
‘ences in potential, often sery great, to which the condenser 
is subjected (cee Chapter ILI); this thickness should be 
very much greater when the coil is intended for co 
service, Docatise it shoul! not be forgotten that condensers 
become perreptibly heared in operation, and that the 
dielectric strength diminishes rapidly when the temperature 
increases. 















































| 
| 
i 
| 








106 INDUCTION Corts 


The common method of constricting condensers is as 
follows: Sheets of paper are cut to the required dimen: 
sions, as are also sheets of tin-foil; the sheets of tin-ful 
are made from 1 to 2 centimeters narrower than the 
sheets of paper, but ve 
sheets of paper to be inserted between thy varies 
coil and the thicknos: of the sheets 
themselves, but there should always be, at least, two 
thicknesses, so as tw avoid the breaking down of the 
condenser due to an unseen fault in the paper. ‘The sheets 
of paper are yarnistus! or paraffined in advance or are 
used dry. Place on the table the sheets of paper whie 

are to form the diclestric, then, on top, a sheet of Gn-foil. 

















with the power of th 























Fic, 63, 


being careful to Teave an equal border of paper on three 
ssiles, the tin-foll projecting from the fyreside. On this 
sheet place another laver of papers. lining them up with 
the first, then another layer of tin-foil with its end pro- 
jevting from the opposite side, ete., until the condenser 
completed. Then the whole mass is placed in an oven, 
here it is boiled in rein oF parathn; finally, while still 
hot, it is pressed imo a firm mass, ‘The extremities of 
the sheets of tinfoil which extend beyond the two ends, 
«back upon the ones above (Fig. 68}, and contact 
hed by aid of springs which press against these 
parts; or, better yet, the extremities are bent back upon 
themselves and soldered to Wwires, so as to establish a better 
contact 
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Nowadays, condensers are often subdivided and pro- 
vided with terminals which permit the use of sections 
separately or in groups, so as to vary the capacity. 

‘The subdivision can be made in equal parts or according 
to any progression. The best combination to adopt, be- 
cause it gives the greatest number of combinations, is the 
binary series: 1, 2, 4,8, 16, ete. With four sections this 
series gives all the combinations from 1 to 15, while the 
decimal series: 1, 2, 2, § gives only from 1 to 10. and 
equal sections give 1 to 4. The grouping of sections is 












Pro. 0 


arways made in parallel: the terminals are formed in differ 
ent ways. In the moll shoven in Fig. G4, all the sections 
have une of their terminals connected to a copper strip. 1; 
the other terminals are connected to blocks, P. A plug 
placed in B connects the corresponding section to the 
circuit; at A, om the contrary, the section ws ahort-cieeuited 
‘The plage which are placed in the holes, and Bare som: 
es replaced by sliding contacts pivoted on blocks, B, 
an coming in contact with 1 or 2 

From what we have seen of the rile played by the 
contenser, itis easily understood that it is very desirable 
to be able to adjust the capacity. 

{i Dimensions and proportions. If we knew the lave 
of disruptive e:m.f as a function of time fora given inter: 
rupter and the law of the secondary discharge, it would 
be possible to calculate a complete induction ceil; the cal- 
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culation would not differ greatly from that required for a 
commercial transformer, but since these facts are lacking, 
it is but a delusion to make the calculation, and onemust 
have recourse to empirical methods in determining each 
design. 

Nevertheless, thore are some indications which may be 
deduced from the theory and requirements of construc- 
tion, First of all, the length of the secondary coil cannot 
be less than the length of the spark which it is desired 
to obtain, unless a constriction analogous to that of 
Rochefort is used. The lengilt of the bedy of the coil 
is then determined. 

Furthermore, it is known that tho elficey of the pics 
decreases from center toward the extremities and that for 
the proportions generally used, the iron core should be 
at least twice the length of the body of the secondary coil. 
‘The ratio of the length to the diameter should be between 
10 and 15 if the best results arc to be obtained.* 

















Thus Yong tren the custom to specify a certain ratio of cones 
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length to corediameter, when the most favorable results ares fy 
obtained froman induction cal with an open magnitie dresit. Sure 





CONSTRUCTION OF INDUCTION COILS. 109 


‘Therefore, we can write, » 
Length of body of secondary > J; 
The length of iron core = 2; 





Diameter of core = 71 to 


Pea (3 
wherein / is the length of the spark, 

‘These dimensions can be altered afterwards if necessai 

Primary windings should be mate of wire of such size 
that the heat, 7? RT, liberated chould he radiated without 
danger to the coil. It is good practice to work the pri 
mary copper at a mean current density of from I to 2am+ 
{ime apo, the writer attempted to estallish some definite relation 
between the fius density in the core and thisratia, Results of tests 
fon two sets of cores were plotied with ihe ratio of eore-length to 
core-diameter, as shown in Fig. 64s. ‘The black points represent 

ine ef cores one inch in diameter, and of vatious lengths, whi 
the white points ave fora line of core: foar inches long. and Of vars 
ouediameters. Iticevident that there ino simple relation betwen, 
the fax density yer smpere-turn per inch-length of coil, and the 
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ratio of cor-length to core-diameter Fig. im show's results from 

{he samme tests lites with the ratio nf ware dength to et cxresarea 

Hisinterosting to note thet under these circumstances 

arrange themeelves along a given straight ine The teat data were 
Wee froma an article yisblished in the Elicicat World, Deceniber 
Wor, by Professee PW. Springer, Oo. 
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peres per sare millimeter; bat the cooling being almest 
nil, the total quantity of heat Kberated should be quite 
swaall, This necessitates in lange coils, or where the length 
of wire is considerable, the increasing of the diameter of 
the wire so as to obtain a total resistance as small as pos 
sible. It must be remembered that hysteresis plays an im- 
portant réle in the heating of lange coils, and it i, therefore, 
necessary to reduce that part of the heating which is due 
to copper loss. 

‘The number of turns on the primary varies with the 
value of current to be employed; it & always good to 
reduce this number, 2 ab not ty require too large 2 number 
for the seconiary. An important consideration enters 
here: The enesey stored in the evil which is a function of 
the number of turns. The nccessity’ of increasing the 
volume of the ifoa with a length of spark, requires an in- 
‘crease in the power of the coil. Experience shows that 
the iron is worked at a mean induction of about 6000 
gaustes; this imbuction is close te that obtained in practice 
when the magnetizing force is about 100 gilberts:* 

O4zNT 
ae = SENT, 
the length !” of the primary evit is generally from 0S to 











A aiven ratty of cvrecfemth to corcstismieier can correspond to 
any ratio of cutesonyth to net wate 
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Assuming this lat expression to he constant for coils whowe cor 
Jongh is equa to from 10 (0-15 tines the diameter, and plotting 
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0.9 that of the iron, From this equation, we can get the 
Practical value: 


t 
N= 644, 





the length, /, of the iron being expressed in centimeters, 
and the current value, Z. in amperes. 
Under these conditions the coefficients of self-induction 





of the primary winding, the core having @ ratio, 4, between 
10 and 15, may be expresed as a fret approximation by, 





L = S0N*dx 10%; 


W boing the total number of turns ‘then the diameter. d. is 
expressed in centimeters, while the coefficient of sel 
duction is given in henry 

‘The number of primary turns being determined, it is 
next necessary to obtain the number of secondary turns. 
‘There is no rule for determining this number. As @ prin- 
ciple, it can bo assumed that the ratio bettteen the number 
‘of tums {cuoticient of transformation) inereases with the 
length of sparks. In accordance with the known lave, 
that the ratio of the number of t also that of the 
‘em{s, of induction. Therefore the difference of [»siential 
to which the diviectries of Uhe primary and comenser are 
submitied, increases with the disruptive voltage in the 
* 
those dicltrh's if the coeifickant of transformation is left 
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constant. Furthermore, the emf. of self induction in- 
creasing the operation of the interrupter, is lest stable, 
the sparking is greater and absorbs a greater amount of 
energy. 

‘The cocfiicients of transformation employed by diflereat 
builders vary greatly. Some, like the Allgenieine Elek- 
tricitats Gesellschaft, appear to have been guided by the 
consiferations given above; others, on the contrary, con- 
siderably reduce these cocfficients. The following table 
shows the great variance of opinion on this subject, 





‘Transronarion Ravios fox Dirraxenr Lenore oF Srase. 

















Length of [8. E, GJ Carpentior | Ktingetioss | Rochefort 
‘parks 
Tem. 100 108 * : 
20, 180 137 5 : 
20 183 . 15 
240 1s * 1W0.a 150 
00 150 = Z 
150 1e0 . * 
20 4 * $ 
a 00 3 a ‘ 
" 3 107 3 











The coefficients of the A. E.G. appear high when com- 
Pared with these of the other builders, but it is evident 
that if one could obtain windings with a great number 
of tums having a lower resistance, and at the same time 
Preserving sufficient insulation on the wire, it would be 
advantageous to employ this construction: unfortunately, 
the above conditions are contradicted, and there is reason 
to fear that with a great number of turns the wires are 

and that sparks form between the individual turns, 
Whatever the truth may be, the figares in the preceding 
table show that for coils equally well constructed and en 
joving a well established roputation, the coefficients of 
transformation are entizely different, which proves. the 
vselesiness of calculation in the design, 
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‘The diameter of the secondary wire is generally quite 
small, varying from 0.15 to 0.20 millimeters; rarely is use 
made of larger wire, and it docs not seem that much is 
gained! by increasing the size, it is preferabte for a given 
Volume to increase the thickness of insulation, or the 
space between the wires 

In determining the thickness of the insulating tube be- 
tween the two circuits, the same indecision reigns, The 
thickness should naturally increase with the length of the 
sparks—it is scarcely possible to give a rule on this subject; 
experience is the only guide, In addition to the diclectric 
strengti, defects in manufacture must be taken into ac- 
count and allowed for. Below is given the dielectric 
strength of a few substances as determined by Thomas 
Gray; these figures represent the em.f. in kilovelts neces- 
siry to puncture one centimeter of the substance. Tt 
should be remembered that the dielectric strength decreases 
as the thickness increases. 











Glass, thickness, 1 mm 
rrceasrrea hes 
x ow. ee 


Dielectric strength 285 kv. per em, 


00 
188 





Ebonite, one thickness, mt, $6 
w Wwothicknessen, Linen 3 


Micanite, thickness, 1 rum 





400 


In comparing these figures with the disruptive voltages 
given in ether places, one can obtain an idea of the di 
mensions to be adopted. Practically. the insulating tubes 
employed for medium sized coils, giving 25 to 45-centimeter 
sparks, have a thickness of several centimeters 

32. Types of induction coils.—For a long time the ex- 
terior appearance of induction cotls has remained about 
the same as was established by the first builders: A eylin 
drical body: terminated at two ends by 
covered with a sheathing af chonite (Pig. 63): this eylinder 
‘vas mounted on a hase containing the condenser. Since 
the fiel! of application has become considerably extended 
the coastruction has become robust, looking Yess like the 
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forms wed in physical Iboratories. At present in France 
a great number of builders place the ceils in rectangular 
exes filed with rosin or parafin. ‘The terminals are 





often mounted on ebonite columns. ‘The primary coil is 
generally about the length of the box, it projecte slightly. 





at each end, These boxes ate sometimes momnted on a 
base containing the conenser, and the interrupter is placed 
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atone side (Fig. 66). ‘The use of the Wehnelt interrupter, 
which design requires no condenser, has led to a construc- 





‘The form 





tion without a base, 











68. ‘The primary is very tong. it extents 
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fa sheathing of ebonite, The secondary coil has a length 
about equal to that of the sparks, and is supported by two 





specially formed disks which rest upon a base, A con- 
struction which ie often advantageous is shown in Fig 
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orting the induction coils on two brackets 
wall 
‘The English and American induction coils are combina- 








Asan be seen, the form which a coil may take is not at 





all fixed, and it is possible that wircless telegraphy, which 





ion. will 





Fro. 71 








tion; which will more nearly resemble the commer 
transformer. 

‘Among. the enily which 
the vertical tepe re 
by the Rochefort coils (Fi 
made le Klinyeliuss (Pig. 70). 

‘The coils used in radiography must often be arrang 
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for transportation of the complete outfit; several models 
have been designed for this purpese. The coils are reduced 
to the smallest possible dimensions and enclosed in a case 
which contains also the greatest part of the necessary ap- 
paratus for operating the thes (Pig, 72) 

Final few words 
concernin the small medical induction coils. The gen- 
eral form of these instruments is well known; one or two 
cylindrical coils of small dimensions provided with spring 
interrupters are placed in a bos with the accessories, such 
as dry-battery electrodes, salt, te. Contensers are aot 
sed with these coils. The terminals are so placed that 
the electrodes can be connected to the primary or the 
secondary. The regulation af the value of the secondary 
current is made either by changing the relative position of 
the primary and secondary, as in the apparatus designed 
by Dubois Reymond, or Uy inserting to a greater or less 
ctallic tube between the to cirewits, and 
in this mouner screening the effect of the primary and 
secondary. 








we may clove thie summary by eayi 





























4 








CHAPTER VIII. 





“INTERRUPTERS, 


83, Solid contact interrupters —The hammer interrupter 
of Wagner & Nef, such as was used with the first coils 
is to-day almost completely disearded, bat models derived 
from this type operate very satisfactorily when their 
dimensions are properly proportioned The general form 
of these intermupters is shewn in Fig. 72:a spring blade 
made of brass of steel, carries at one extremity. a mass of 
iron or hammer, M; this hannner isplaced before and a short 
distance from the core, F, of the coil. A platinum point, 

















js riveted to the spring, and makes contact with p’, 
which is also of platinum and carried at the end of the 
thumb-serew, V. When tho screw is in contart with the 
spring. the coil being connected to the seurce, the hammer 
will be attracted to the core, This separates the con- 
tacts at p and p?, thes openiny ‘The magnetic 
attraction ceases, the hammiot is retumed to its initial 
position by the spring, thus again restoring the eontinuit 

of the circuit and the phenomena is repeated, and in this 
way the vibratory niovement is given the hammer. The 
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the eirewit 
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amplitude and the frequency of the vibration are regulated 
by the mass put in motion, the elasticity of the spring, the 
value of the current, and tive pressure of the serew against 
the spring. 

‘The sparks which are produced by the interrupter, roughen 
the surface of the contact; they sometimes melt and freeze 
together, thus stopping the operation of the coil, d’Ar- 
sonval has endeavored to correct this defect by giving 
fone of the contacts a continuous rotating movement, in 
this manner the small projections produced by the sparks 
are regularly distributed, and the surface of the platinam 
remains intact, thus alvdiog greatly to the reliability of 
operation. The vibrating spring is as usual, provided 
with a platinum point, but the screw is farnished with a 
platinum cylinder of greater diameter. The contact is 
Produced at the circumference of the cylmder in such a 
way that revolsing the cylinder slightly upon its ai 
the point of contact is constantly renewed. ‘The movement 
is given to the eylinder bya emall auxiliary electric motor. 

In interrupters of the Neef type, the rupture of the cir- 
cuit takes place at a point on the vibrating blade where 
the amplitude is lest than at the hammer. and the spring 
4s bent before the rupture takes place, because of which 
the spe of separation 
great. For thie reazon the limit is soon reached, because 
of the sparking of the interrup 
of this type with coils giving long sparks 

The Deprez interrupter (1881) is a very important 
improvement, ‘The fundamental idea was to maintain 

‘reuit by pressure at the contacts. such that 
could not take place before the current had 
attainod the necessary value, In the Neof interrupters, 
the vibrations of the are almost entirely regulated 
by the elasticity of the spring and the mass of the hammer, 
therefore, if the contact is not well made, the rupture is 
provducol at 2 given moment, regardless of the value of 
current in the primary and the sparks produced in the 
secumlary are, therefor 
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One of the latest forms of the Depres intermupter is 
shown in Fig. 73: M is an iron blade which oscillates about 
the axis, O; the spring, K, deflected by the semw, V;, 
presses the blade against the contact serew, V,; two plati- 
num contacts, a and b, one fastened on the blade, the 
other at the screw, V,, make the electrical contact between 
the two pieces; the blade, M, is entirely separated from 
‘the rest of the interrupter, it is connected to the primary of 
the coil. The clectricity enters by the screw, V,, passes 
from V, to M contacts, a and 6, traverses the ‘primary 
winding and returns to the source, The core, F. attracts 
M, and at the moment when the electromagnetie attrac 
tion is sufficient to overcome the tension of the spring, R; 




















the bho, Mf, is drawn toward F and the capture takes 
place. The cireuit being: broken, the spring soxums the 
ade to its original position, thus closing the cireuit 
11 is easily seen that this interrupter permits an easy regu 
Jatin of the current value, corresponding tow! 
the rupture ‘ill take place, by adjusting the srew, 1, 
which moles the tensiv of the spring. For a given 
adjustment, the rupture will ala 















take place at about the 
same current value, regarilless of the emf, of th 

but the frequency of the interrupters depends on the volt 
age increasing with it. It ig also well to know that the 
system is not free 19 0% 
its period may vary over a 














ae anal he nu niatsal period 
range, ‘This saterrupter 
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gives excellent results in experiments of short duration 
in which it is possible to look after its operation, In 
prolonged experiments, the current value must be greatly 
reduced, because the sparks produced at the points of 
rupture will often cause a freezing of the contacts, and 
‘thus stop the interrupter, 

‘Theory shows that the essential condition which should 
be fulfilled by an interrupter for induction cols is to pro- 
duce the quickest possible rupture—that is, right at the 
start to have a very high speed of separation at the con- 
tacts, so that the spark at the contact will encounter a 
Iigh resistance. 

‘This requirement has led several builders to produce 
the rupture by a shock, allowing the hammer to strike a 
spring in such a way as to very rapidly separate the two 
contacts, This method isused in the interrupter of Watson 
(French patent No. 266, 499, 1897). 

‘The atoaie interrupter of Carpentier acts in this manner, 
and, furthermore, has no natural period of vibration; it 
is perfectly atomic. It is at present one of the best solid 
contact interrupters made, It consists (Fig. 74) of a 
strip of soft iron, P, resting in a triangular slot of a block 
of iton: coil spring, R, placed parallel with P pulls this 
strip against a bluat ended screw, B, the end of which 
is navle of ivory. ‘The tension of the spring, A, ia regulated 
with the thumbscrew, M. Because of the position of 
e eying, R, the displacement of the string, P, toward 
the eve causes no appreciable variation in the tension. 
conseqyzently,as soon as the magnetism is sufficient to over. 
me the tension of the spring, the strip, P, is attracted 
ich more rapidly than is the case wien the force of the 
spring increases with the displacement, The electric 
comavt is established between the elastic Made, L, and a 
platinum tipped secew. C. Tf by an adjustment of the 
screws, B and C, a suitable distance beiween Land P 
is estaldiched, P Will strike Lat a moment when its speed 
is quite high; and since the inertia of Lis very smal. a 
very rapid separation of the contacts, « and 6, will take 
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place. The return of P after the rupture. or the re-estab- 
ishment of the circuit, depends on the tension of spring 
R, also that of spring L. Experience shows that it is 
possible to obain a duration of open-circuit which is very 
short in comparison with the period of the interrupter 
‘The current value at which the rupture ie produced de 
pends on the two factors given above, bat particularly on 


Let 
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the first. If the-curtent value is once adjusted, it will 
remain extremely constant 
is interrupter is zeally atonic and can be used at an 
swell desired, it may, for example, be synchronized per 
altomating eurront. Another interesting. prop: 












fovtly oi 





erty of this imermpter is. that it always produces the 
rupture at a given time after the closing of the circuit; 
this time is that which is neceseary to attain a given current 
value. We sil see, when speaking of imternal combustion 
fongines, the importance of shis property 
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All interrupters described above operate with quite low 
voltages, 25 to 30 volts at the most, Above this point a 
veritable are is established between the contact points, 
which will bum them, of at least, will cause the coil to 

erate poorly, or stop it entirely. For voltages above 
this, it is necessary to make the break in a non-conducting. 
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liquid, so as to smother the are. This is a method gener- 
ally employed in Uhe mercury interrupters, and has been 
pled to some solid-vontact interrupters. Among the 
interrupters of this class, we can eite three different models. 

In the Radiguet interrupter (Fig. 73), the are is produced, 
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Ihetween two pioces of copper. ‘The upper piece is 
coupled to the armature of an electromagnet by an 
elliptic spring, C, similar to those used on carriages. ‘The 
electromagnet being excited by the primary current of 
the coil, the anmature is raised and breaks the contact 
between the vertical pieces and the copper block, D, 
supported by the piece, d. The curront being ruptured, 
thearmature and the upper contact piece fall back, re: 
establishing the contact. Because of the spring. the vertical 
piece presses on the block during a variable fraction of the 
period, and the rupture is made when the speed of the 
armature has attained a considerable value, thus assuring 
sudden separation of the contacts. Regulation is made 
by adjustment of the lower contact through its support, d. 

‘The Lecarme & Michel interrupter (1902) rotates Tt 
consists of four brushes of thin brass carried on a vertical 
shaft. When this shaft tums, centrifugal force opens 
the brushes and causes thean to rub against fixed copper 
contacts with a pressure which increases with the speed 
During the rotation, while the brushes are in contact with 
the pieces of copper. the petroleum which fils the re 
epticle is compressed. As son as the brishes pase the 
contacts, the petroleum passes out quickly and assists in 
smothering the spark at the rupture at the same time it 
cools the contacts 

In Contremoulins & Gaifle's interrupter. (Pig. 76) the 
Part which turns, is composed of a copper drum similar 
toa dynamo commutator, This drum carries four insula 
ting pieces in such a manner as to form (wr lange coments 
and two small ones. Two brushes, formerly of carbon, 
ut at present of copper, rub against the commutator 
One of the brushes is fixed, the other movable, and it may 
be aljusted through an angle of 110 degrees about the axis 
of the commutator. When the iwo brushes are brought 
near each other, ther are in contact with the same 
sezment for a considerable portion of the revolution, 
On the other hand, when they are on the same diameter, 
they are constantly insulated from one another; between 
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these two limiting positions, it is easy to see that by the 
displacement of the movable brush, the duration of the 
contact can be varied. 

BH. Mercury interrupters.—In order to increase the 
power of the coil, it is necessary’ to increase the voltage of 
the source, so a5 to facilitate the establishment of the 
current, which permits an increase in the frequency of 
interruption, or the current value at the instant when 
the rupture takes place. Mercury interrupters are almost 
indispensable ia this ease, 














is comneest vf a horizontal beam, 






veical spring. R The beam is 
tremity with a soft iron block, M, 
a rod, 1, ordinarily terminated by a platinum pu 
The second rod, B, similar to A, is placed nearer to the 
spring. The two nits plunge in glasses of mercury covered 

ser, Benes vek is placed an 
ict, FE, operated by a separate battery, When 
iassrs, the two 


the other one 
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rods plunge in the mercury, or are inimersed in the mer- 
cury; the one, A, at the end completes the cireuit of the 
coil, while the second one, B, completes the circuit of the 
electromagnet; the latter attracts the soft iron of the 
beam and flexes the spring, R, causing the two rods, A 
and B, to be lifted out of the cups of mercury, thus breaking 
the circuits, The beam is thea retumed to its original 
position by the spring, R, and the cvele repeated. The 
movement of the beam is thus maintained electrically 
the duration of the oscillations depends on the stiffness 
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of the spring. the inertia of the beam. which may he repu- 
lated with the bull, C, and also on the depth of the immersion 
of the rods in the mervury, This intesrupter may’ be regu: 
lated by 1a ie entire beam with the aid uf a 
Tack and pinion, and raising or lotenng the cup, The 
snwst import fon is that oi the cup, Ay whieh is 
eamected tthe esl, berate ft permite the variation of 
the duration uf the « ont, which will 
be recognized in all the a is of cupital 
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importance. Because of it, it is possible to regulate in 
each case the duration of contact, so as to obtain a max- 
imum effect with a minimam amount of energy. 

Often the intorrupter i reduced to a walkirye beam and 
+ asingle cup, the whole being placed on the same base as 
the induction coil, and the iron core of the coil being used 
to attract the soft-iron armature (Fig. 65) 

‘The Foucault interrupter has been practically aban- 
doned: it has been greaily modified in order to adapt it to 
high cpeed and to the rupture of large values of current, 
and to the high voltage employed nowadays, 











‘The plunging rod of the Foucault interrupter enters 
obliquely into the mercury andl whips the liqaid, forming 
an emulsion of the mercory sith the insulating liquid, 
and in this way constantly changes the adjustment. In 
all the present forms of the mercury interrupter, attempts 
have been made to remedy this defect, either by gaiding 
the plunging contact, of by giving the beam such length 
as to render the movement practically in a straight 

In the Rochefort interrupter (Pig. 7H) the copper blade 
which plunges in the mercury is connected to the beam 
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through a thin strip which permits it to follow the beam, 
at the same time varying the angle, The electromagnet, 
attracting the armature and a platinum pointed auxiliary 
contact. gives the beam an oscillatory movement, which 
can be regulated at vill, During the vibration, the 
plunging contact tends to deviate from a straight Hine 
because of the centrifugal force, but the resistance of the 
liquid against its large surfaces is sufficient to maintain i in 
fan almost straight line; the liquid, therefore, plays the 
réle of guide. 

In the large model of the Villard interrupter (Fig. 79) 
a beam with a large radius is employed. The plunging 
contact is carried by one of the branches of a tuning-fork. 











‘This same branch carries the soft iron armature, whi 
plays in front of an electromagnet; the action of the latter 
tends to draw the branches of the tuning-fork together 
in such a manner that they are set into vibration and 
open the circuit at equal intervals. The cownter-weights 
placed on the branches permit the tuning of the two 
branches, and within certain limits, permit the 1 

of the vibration number, The cup is made smal 
the center where the surface of the mercury is si 
so as to avoh! oscillations of the liquid: simih 

























ments are found in mos! other mercury 
‘nally, to facilitate the renewal of the mere 


which carries the tuning-fork and the terminals is hinged 
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fon the left sido, to that the whole can be lifted, permitting. 
the removal of the cup. A great improvement in the 
interrupters of the plunging-contact type, consists in mov 
ing the contact by an electric motor, and transform= 
ing the rotary motion into a straight line, as is done 
in the steam engine. This arrangement, which seems to 
have been brought forward in Germany, is today em- 
ployed by all builders. The electric moter has the 
vantage of bein easily regulated as to speed, and gives 
a constant amplitude, irrespective of the speed. The 
interrupters of Uhis type are certainly among the most 
practical; above all for operation on lighting eifeuits. On 
the other hand, they do not reailily lend themselves to 
high speeds, because of the inertia of the parts which 
must follow the altemating movement. ‘The tendency 
the mercury to follow the contact als» limits the spe 
such a manner that it is scarcely possible to utilize these 
interrupters at a speed above 30 or 40 internaptions 
con, 



































nother incenvenienee which is common 10 mercury 
imernupters 

which is produced by the mot 
sparks. The mercury forms a gray colored paste com- 
posed of very small globules of metal enveloped int a 
Dlack powder, due to the decomposition of the insulating, 
liquid by the spark. The importance of this defect 
should not be exaggerated, because excellent results can 
bbe obtained with an interrupter in which the mercury is 
almost entirely emulsoned in this manner. 

In giving a concrete form to the description, the only 
trouble is the choice. AM builders produce interrupters 
of the mercury type, and nearly all of these varius models 
are capable of xiving satisfactory operation, Fig. 50 
shows a model in which the cleetrie ratur Uhrough a crank 
and a connecting mid operates a phinger quiled vertically: 
the plunging contact is fastened to the connecting: rod, 
The connections Ietween the plunging contact and one of 
the terminals is made by a flesible copper strip. A fixed 
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the rapid pulverisats 





wler the action uf 


























INTERRUPTERS at 


conductor jm 
establishes a connection with the other terminal A 
tachometer connected to the opposite end of the motor 
shaft indicates at each instant the number of interruptions 
per second 

In certain other models, and particularly in thow of 
Gsiffe, Carponticr, and others, the flexible strip for the 


sed in the lower part of the mercury: 








away with, 
18 comnectet 1 





connection to the movable plunger is dos 
Thore are two movable plunging coi 
her: one is continuously immersed im an 
completely: fled sith a 
where the rapture i¢ male 
For very rapid interruptions, other arrangements have 
been proposed; they consist in the use of a turbine which 














cury, and another in a cup 
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pumps the mercury to a reservoir and projects it as a rigid 
column against metallic pieces arranged for this purpose. 

‘The first of this form of apparatus was that of the 
Allgemeine Blectricitats Gesellschaft (Fig. 81). In this 
apparatus a small vertical turbine pumps the mercury 
contained in the reservoir. The mercury mounts in the 
hollow axle of the turbine up to a horizontal disk where 
it meets a nozzle from which it is projected by centrifugal 
force in the form of a fine jet. This jet of mercury while 
turning, encounters the teeth of a ring suspended in the 
basin and insulated from it, When the jet falls upon a 








Fis. 8 


tooth, the circuit is closed; it is opened when it passes 
between two consceutive teeth, ‘The interruptions are very 

The 
turbine is driven by a small electric motor. which is seen 
at the side; or, more rarely, by a crank turned by hand 
It should be noted that this interrupter dees not operate 
at low frequency. ‘The turbine will nit pump the meseury 
below a certain speed, The interniptions are made in the 
middle of an insulating liquil, preferably alcohol. ‘The 





sharply defines, as ie aleo the making of the eircw 











ulverization of the mercury ie quite cemsiderable in this 


apparatus, but there is fit 
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the turbine pumps only the homogeneous morcury from 
the bottom of the tank. Two fixed helical vanes prevent 
the mercury from taking up the rotating movement of 
the axis, and thus causing the turbine to loose its prime. 

With this type of interrupter an accidental or willful 
stopping of the turbine immediately breaks the circuit; 
therefore a rehostat for preventing an abnormal current 
in case of stopping is not needed. The frequency of the 








interruptions is varied by chanying the number of teeth 
in the misklle ring; 150 internaptions per svcond are easily 
obtained; above that, the interval between the teeth be: 
comes 100 small and the current is not always internupted. 
Another form of the turbine interrupter is that of Max 
Levy in Berlin, In this movlel (Fig. 82) the jet of 
tinnary, and the tonthed ring turns. The axis « 
provided with ti 










by the turbine ito the 





the turbine carries a metallic n 
lar teeth, ‘The mercury pum 
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nozzleandis projected against the teeth, which pass across i 
path. The nozale is movable, and may be raised or lowered 
with the aid of a handle, and in this manner the duration 
of the contact can be adjusted while the interrupter is 
in operation, independent of the frequency of the inter- 
ruptions 

Another class of intermupters in wh 





h mercury plays 








1 qaisiliary rile may be mentioned here, namely: ‘The 
algammated contact. ‘The 
first of this type appears to have teen constructed by 
Hirschmann in Berlin. The interrupter ropresemted in 
Pig. but it rests 
fn the same principle, A stability: dr 

vertival axle tumed bya pulley, has 
covered by teu strips of amalgamated upper, the strips 





interrupters with sliding 
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are connected in the form of a triangle. Against this drum 
rests a copper brash, which is provided with a hole along 
its axis. ‘The brush can be moved along the drum in such 
a manner as to come in contact with the larger or smaller 
portion of the copper strips, which in this manner permits 
the variation of the duration of contact. The vertical 
asle terminates at the lower end with 2 small turbine 
pamps mercury into the wood cylinder which carries 
the brush; the citeuit for the mercury is from the mercu 
basin throigh the turbine, the wooten cylinder and the 
brush, During rotation, the mercury passes through the 
brush onto the strip which it amalgamates, and at 
the same time it assures the electric contact and reduces 
the sliding friction. A spring ajustable from the exic- 
rior regulates the pressure between the brush and the 
eum. The electric circuit ie male from the bas 
mercury which encloses the entire interrupter throus 
the mercury to the brush and from there to the axle of 
the drum when the brush is in contact with the metallic 
surfaces, The other terminal of the circuit is connected 
to the axle of the drum, This connection to assure gow! 
contact ix made by providing the axle at the upy 

with a small cup filled with mercury. in which a copper 
sire connected to the terminal is immersed. 

In all mercury interrupters the rapture is made in a 
insulating liquid, There are many diclectries which may 
be used for this purpose, and, without doubt, it is best 
cach case 10 use the dieketric recommended by the 
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builder of the internupter 





‘or a Tong time alkohol was employed. av recommended 
by Foucault; naphtha oil has been employed since i 
introduction by Henry, Pure wat 


ened, In a general way, water 





s-also been recom. 
‘ery good results 









with low voltages up to about 20 volte: shove that recent 
must be had to non-polarizable dielectrics, such as aleohol 
petroleum and mineral els, AM Aysdevcarbona ate de 








componed by the spark 
de 


1 mipture and leave a 1 


alily uf carbon, which envelopes the globules 

















116 INDUCTION COILS. 


of mercury and prevents them from coming together itis 
to thie that the gradually increasing division of the mercury’ 
ig due. To this should be added the effect of the surface 
tension of the layer of dielectric which envelopes each 
lobule, When the mercury is transformed into this con- 
fition after continued use of the interrupter, it must be 
replaced by new mercury, A large part of the mercury 
can be recovered by washing it with water if the liquid 
used wae water, or alcohol, with benzine if it was petroleum 
or mineral cil. By heating the washed mercury agglomer: 
ation of the mercury is facilitated, 

35. Diverse interrupters. —Innumerable varieties of in 
terruptershave been invented. The greater partofthem have 
served no useful purpose; nevertheless, the ingeniousseas 
tr the novelty of the system decerve mention, if only ta 
put on guard thoxe who reinvent the same things and are 
tempted to believe that they are new 

In 1858, Poggendorff pointed out that by producing an 
interruption ina vacuum, the condenser could be done 
away with and a very clean rupture be obtained. 

The idea was taken up later by M, TF, Moore and the ap: 
paratus shown in Fig, Sf constructed: this is simply aX 
interrupter placed in a tube from which the air isexhausted, 
This apparatus has not been used; the corrosion of the 
contacts is very rapid and is dificult to remedy. 

‘Among the interrupters of the plunging-contact type 
that of M. Margot, (1897) which may be constructed in a 
laboratory if neesled, should be mentioned. It consists 
of a helix of heavy copper wire, one of the extremities 
fof which is turned jn the direction of the axis of the helix, 
the other extremity’ being fastened. If the whole is placed 
in a crucible containing enough mercury to cover the free 
fend of the belis, the total current will traverse it? The 
flectrodynamie action will draw the tums together and 
pull the end away from the mercury, producing an inter: 
ruption in the current 

Tn order to obtain very high frequency interruptions, 
Grimsehl (1900) mounts the platinum point, which 
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plunges into the mercury, on a reed which is made to 
vibrate by a current of water; the surface of the mercury 
is constantly cleaned by the current of water. Also for 
obtaining a high frequency, Aros (1899) propcied carry 
ing the platinum contact at the middle of a vibrating 
wire attracted by a horseshoe magnet; the system should 
permit the attainment from S00 to 1000 interruptions per 
second, 

In his researches of 1837, Page used a copper star, the 
points of which dipped in mercury. The idea was taken 
up again in 1897 by Hofmeister, and in 1900 by Ducretet. 
‘This method is excelleat for a short time, at the end of 








which the pulverization of the mercury 

it is impossible to make practical use of it 
‘The interruption of the current by the separation of 

‘two layers of mercury has been tried: M. J. Luhne (1900) 

takes @ hollow insulating cylinder cut along a generatris: 

‘This cylinder tums on a horizontal axis, it is nearly fall 


s0 rapid that 





Mi mercury, and is partly immersed! in mercury in a basin | 
at each revolution the mercury at the interior comes in 
contact with that at the exterior thrraygh the slit in the 


cylinder, then the circuit is broken by the edge of the slit 
Caldwell (1900) employs. for the same purpose, an in- 
sulating disk pierced with holes. This disk tums on a 
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vertical axis and is immersed in a bath of mercury. A 
glass tube filed with mercury is supported on the disk in 
fuch a manner that at each passage of a hole before it, 
the two layers of mercury are brought into communication 

Bary (1901) produces a fine thread of mercury by 
means of a capillary tube, the rupture of the current 
being produced by the action of clectrodysamic repulsion 
between the elements of the current itelf 

Villard (1908) passes a jot of mercury between the 
poles of a permanent magnet; when the valu: of the 
current is sulliciently large, the action of the magnet on 
the conductor is sufcient to break the jet of mercury 
which thus interrupts the current, The frequency of the 
interruptions varies with the voltage and with the current 
value: it may be regulated by adjusting the length of the 
free jet. Thie interrupter, which appears to be very in- 
teresting, is too new to be able to judge of its practical 
value, 

‘Working along another line, Barker (I 
are lamp in a S07-volt circuit In series wi 
80 oltms resistance, 











99) places an 
a theestat of 
dl interrupts the ciredit periodically 
Uy placing the magnet cloze to the are 

26, Electrolytic interrupters. The rapid supcess at- 
tained by the Webnelt interrapier was evidently due to 
iis great simplivity, which permitted its easy construction 
in laboratories, The deseripition sh 
the first model, whieh is abw 
whece other appliances are ni 

In its most simple form (Fig. 42). the Webnelt inter 
rupter is composed of a platinum wire, a fow tenths of @ 
millimeter in diameter, soldered to the extremity of a 
glass tube; the latter is filled with mercury in which a 
copper wire is immersed to make connection wth the 
positive pole of che battery. 1 
in a jar filled with acidalated water, ur-some other 
Wyte. A thet of Iead connected to. thi 
forms the cathole of the system. The surfue of the 
platinum which is in contact with the electrolyte, must 
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ss usel in case of necessity 
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bbe proportioned to the valus of current which it is desired 
to obtain, and also to the coefficient of self-induction of 
the drew to the emf. of the source, The heating 
of the platinum wire often causes the glass tube to break, 
Tris often mons advantageous to solder the platinum wire 
to the heavy copper wire, and to place the two in a tube 
of glass almost closed at the bottom, having a hole just 











Fre. 5, 


sufficient to allow the platinum ize to. pass 
to avsil the corrosion of the 
it heavily, With this as 


in contact with the electr 





mie emell U 













he interrupiers now on the market dilfer from this 
simple model only by their more rstust and appropriate 
construction, In the models of Siemens & Halske and 
Max Levy (Pig. 85), the platinum wire emer 
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jer of a jar containing the 





porcelain tule placed in the ce 
clectrolyte. A movable thumb-nt is used to adjust 
the length of platinum in contact with the electrolyte. 
‘The cathode is a sheet of lead carried on the side at the 
base; it is sometimes rolled on the porcelain tube so that 
the two electrodes are fastened to the cover, the jar serving 
simply to hold the electrolyte; an arrangement analogous 
to the last was employed in 1808 by E. Thomson and R 
Shand, In order to prevent corrosion of the metallic 
pieves, there is provided at the top of the porcelain tube 
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operator. The simple movement of a switch suffices 10 
place in the circuit the anode, the surface of which is 
Suited to the result to be obtained. 

We have wen the inconvenience caused by the heating 
of the electrolyte; in order to avoid this, a cooling cvil is 
often immersed in electrolyte and traversed by cold water 
(Fig. 87); in this way the temperature nse is controlled, 
This arrargement, which is useful for prolonged opera- 
tion, may advantageously be replaced by a jar of large 





an averflow by which the liquid which mounts in the tube 
ean eseape 
‘The adjustment of the 





vile by moving the platinum 
syuites the presence of 








wire in and out of the electro! 
the 


jerator near the interrupter. This condition is some- 
5 diflicelt to satisfy; for example 

may be necessary to spare the pationt the noi 
several anodes 
the terminals 





rading 






interrupter. In thie case instmmente using 
ifferent surfaces are empluved ( 
nected to a switchboard placed near to the 






being cv 




















sions when the duration of operation does not 
an hour. 


exceed 


The system of Jirotka Levy ic intended particularly for 
continuous operation; it consists of conducting about the 
anode a current of air which cools it, drives away the steam 
bubbles and regulates the action, The anode is fixed 
the curved ext of @ glass tube, the opening in 

h to allow the ja the cur 
the tebe by a small electric fan Thi 
























system appears to produce @ saving in electrical ene 
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If, on the contrary, it is desired to operate at low voltage 
(12 to 30 volts), it is advantageous to employ a warm elec- 
tralyte, The model by Carpentier (Fig, 88) is designed 
for this 9 

mounted in a glase tube 








ase; it is composed of an adjustable anode 

placed in a lead cell forming 
the cathode The cell is covered with felt and incased in 
worden box, so as 10 prevent cooling. ‘The electrolyte 
is heated to $5° or 95° cent. Lefore filling, or is heated in the 














cell by operating the interrupter at high voltage. This 
Imtermpter will operate at very Tow voltaye and hot 
sparks of relatively low frequency analogous to thow of 
the mercury interrupter can be obtained. Operation at 
low voltage and high frequency: may be obtained accord. 
ing to Reewerski, by directing a current of diluted acid 
against the anode, so as to avoid the formation of ga 
bubbles. By this means that author is sail to have ob- 
tained 450 interruptions per second with 24 volts 
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Among the various forms of Wehnelt interrupters, 
that of J. V. Pallich may be cited. ‘The anode is formed 
by a steel wire from one to two millimeters in diameter, 
and the cathode with a copper wire of from 3 to 4 millimeters 
in diameter, the two electrodes being enveloped in glass 
tubes almost to the end. The steel wire is used up very 
rapidly, but it is necessary simply to move it forward in 
its tube 

The arrangement of Gaiffe-Gallot ie intended to remedy 











the ill effvets caused by the wear of the plitinnm anode 
which is always produced wien operating with altemating 
current. For this purpose te platinum wire pasees freely 
in the insulating sheath and rests against an insulating 
suppor, so that its length is dexermined by the distance 











botween the © 





)port anid the end of the sheathing; this 
distance may be adjusted at will by moving the sheath 


up ordown, When under the action of the current the pati 
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num wire bevomes worn, it descends by its own weight, <0 
ax to always rest against the support. 

Interrupters of the type Simor-Caldvell, as we have seen, 
have the advantage of being symmetrical; therefore they 
Jeni themselves readily to use with alternating current, and 
give equal intensities for both half-waves, 

Ii the mode! shown in Fig. 89 an electrode of lead is im- 
rmersed in the outside jari the other electrode is placed in 
1 porcelain tube, the loner extremity of which is pierced 
with two small holes, All the heating is produced in the 
narrow part of the elcctrotytie conductor—that is to say, 
in the holes. ‘The result of this is a rapid disintegration of 





the porcelain at this point the hole increases in diameter, 
and the tube must be renewed, 

Certain builders, in onler to overcome this annoyance, 
use a larger hole in which a conical needle of glass can be 
inserteil-s0 as to reulate the size of the opening, 

A verf important fact which should always be taken 
into account, is that tho Tiquid rises continually in the 
cell of small diameter; it is, therefore, indispensable to 
provide an overflow which will retum the electrolyte to, 
the outside, 

An imcresting model was brought uut by Ruhmer in 








Devlin, which consists of 40 small eylindrical cells, A and B 
(Fig. 10): the two Mat vealle ate pierved by a Tle which 
establiches communication hotween the two celle A spare 


is left between the two walls in which a porcelain plate, P, 
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also pierced with a hole corresponding to those in the walls, 
can be placed, In this way the diameter of the hole can 
easily be varied by changing the porcelain plate; also, it 
can be replaced when the size of the hols has become 
enlarged through continued operation 

‘The liquids which may be employed in electrolytic in- 
terrupters are numerous. ‘The most common, and the one 
which gives the best results, is sulphuric acid diluted fron 
20° to 25° Baumé. This solution has the disadvantage 
of liberating, during operation, an abundance of very 
corrosive acid vapors, which limits its use to laboratories 
Which are well ventilated, or, requites that the apparates 
he well closed, 30 that the vapors cannot escape, except 
by a tube leading to an alkaline solution 

Concentrated solutions of caustic potash, or soda which 
have also been recommended, do not have this disadvantage, 
but the results obtained are not as satisfactory as with acid, 
‘and also the liquid is very corrosive. Thus to avoid this 
inconvenience which frequently occurs in medical application 
the use of a satarnted colution of ordinary alum or sulphate 
of magnesium is. recommended. 

The fields of application of these different arrangements 
of interrupters areas follows: For a low voltage, 10 to 30) 
volts, the Wehnelt with warm electrolyte at a temperature 
near boiling, From 30 to 120 volts, the Wehnelt with a 
cold electrolyte muiniaining the temperature by artificial 
cooling if the interrspter should operate continucusly 
ally for cperation at about 120 volts, the Simon-Caldell 
interrupter appears to be preferable; it commences to give 
‘good results above 80 votes. 

‘87, Interrupters for altemating current.—In order to 
operate on alternating current, interrupters shoukd be able 
to synchronize with the frequency of the current employed 
Of those interrupters which have no natural period. the 
tonic interrupters of Carpentier, for example, mare 
is yurpeise: it suices to regulate the t 
it is posible to obtain either 
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uf the spring. In this 
Une spark each peried corresponding to one of the halt 
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wanes, or a spark for each half-wave, This adjustment 





4% very delicate amd 
in the care where there is only one spark per period, that 
the polarity of the half-waves in which the interruption 
is produced should change and, therefore, the polarity 
of the secondary would) also change, 

Villard has construcied a, special interrupter for alter 
nating current (Fig, $1) ‘The tuningfork which he em 
ploys for continuous current is here replacod by a simple 
vibrating strip fastened at one end and carrying at the 
other a contact which plunges in mercury’; this strip passes 





ttle difficult, It can easily happen 















a solenoid fes) witha 
11 ig, therefor 
them in 
piles of 
by ene po 
usly with the 
fom a 
ment of 


nating eustent taken from 
which is t+) be imernapted, 
dievetion, 





the carte 








polarize! akemately: in 






strong permeane 


wl hetween twa 
4 first 
her; it vibrates synchirone 
vorrent, The suleneid is. fod 
Hendled to give ty the move: 
‘bration strip the necessary retard, so that 








pet, it is aitrac 











Wie at the 





the rupture ef the cirewit will always be 
moment when the current 





eis a maximum. This 
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interrupter produces one interrup! 
therefore, as a current rectifier, 
‘Turbine interrupters can be driven by synchronous motors, 
10 that the interruptions will occur in each half-wave sor, if it 
is preferred, discharges of the same polarity can be obtained 
by suppressing half of the teeth on which the mercury jet 
falls, ‘The AEG. have designed a turbine interrupter 
of this type (Pig, 02); the motor is dircet-connected to the 





per period; it 











stor is so mounted that it 
im angle wih rele 


halt of the turbine 
1 be adjusted then 


















fof maximum current vale. A had whl ie used to 


the mater 


Blectrolvtie internuycers operaze with alternating curtent 
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fas well as with continuous current, and this is one of the 
greatest advantages which they possess. However, we have 
seen that the Webnelt interrupter gives very different 
effects, depending on whether the platinum wire is anode 
oF cathorle, This property is utilized to ubtain discharges 
which are nearly of a single polarity; in fact, in many, cases 
this reault is attained; the halfawave, where the platinum 
is cathode, being very nearly suppressed; this suppression 
is, however, not complete enough for radiographic work. 

The Simon-Caldwell interrupter being symmetrical, 
gives equal discharges in each direction; these discharges 
are alternating and cannot be used directly with cathode 
tubes. 

Sines in many places alternating current only: is avail: 
able, the problem of exciting induetion coils with thie 
kind of current often presents itself, particularly for 
medical work. Independenily. of interrupters operating 
directly on alternating current of which we have just 
spoken, methods have been tried which permit the 
charging of storage batteries from the street network, $0 
a to obtain a direct current for the induction coils after: 
ward, We will not treat the most ratinnal method, 
which consists in transforming alternating current to con- 
tinuous by means of synchronous converters. or by motor 
generators; these installations do not come within the 
scope of this work, However, we will examine some 
systems which in certain cases may be of service. 

Several forms of electromagnetic rectifiers have teen 
proposed, among thom that of Koch constructed by 
Hirschmann. They all rest on the properties of polarized 

Jays. A strip of soit iron polarized by a permanent 
magnet is submitted to the action of two electromagnets 
fe with alternating current; each of the electromagnets 
successively attracts and repels the armature when’ the 
current changes insile. Ry ite movement, the armature 
reverses the connertions wf the charging cirwit to the 
storage batteries, s0 that they receive pulsating direct- 
current. These rectifiers require a very delicate ad- 
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jusument, The phase of the current in tie electromagnet 
must be such that the reversal of connections is made at 
the moment when the altemating emf passes through 
zero, $0 as to obtain a proper utilization of the energy 
and to avoid sparks at the contacts, This adjustment 
is obtained by means of choke coils and condensers. The 
Villani interrupter and the turbine for alternating current, 
if they are properly retarded so that the rupture of the 
circuit will take glace at the proper moment, may be 
used for the same purpose. 

‘Another solution, more simple, is furnished by the elec- 
trolytic valves, the practical success of which is due to 
Pollak. In an electrolyte in which a sheet of lead and 
fa sheet of aluminum are immersed, the clectricity. will 
pass casily in the direction from lead to aluminum, while a 


F 














very considerable emf, will be necessary to pass it from 
aluminum to the lead); in other words, the aluminum 
anode opposes to the passage of electricity’ an infinite re- 
sistance as long as the e.m.f. is below a value which varies, 
from 20 t0 200 volis, according to the nature of the el 








trolyte 
Fron this it ie seen that a cell containing an arrangement, 
of this form is @ veritalle valve for alternating current, 
letting only the electricity from one side pass, stopping 
that from the other. In practice, in order to obtain 
better wuihzation of the energy by employing both hat: 
waves, four similar ells are interconnected 
Pig, 9. 11 is easily soon that the current 
exist in the cireuit, and that the branch in which the re 
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ceivers are placed always carries a current in the same 
direction. Various electrolytes may be employed, but use 
ig frequently made of alkaline phosphates. Practice has 
not yet sanctioned the use of this apparatus; we can only: 
call attention to them.* 








TAt the present writing (1903), the clecteetic aluminum reeti- 
fice is used extensively for supplying dirce: current to storage bat 
tevies, small motor generators, induction coils, ete. They are built 
to operate at current ilies up to 30 oF AO amperes, Rectifiers 
‘used in connection with induction coils are often compere of only 
fone alomiaum cell. This one-cell form dix rw rectify the current, 
‘but simply suppresses one-half of the current wave producing 
pulsating direct-current. 
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CHAPTER IX. 
SPECIAL APPARATUS. 


38. Tesla transformer—Together with the induction 
ceils suchas have been treated up to this point, mention 
should be made of certain special apparatus which differs 
more or less from the induction coil, but which has a 
point namely, the production of sep 
arate discharges, cach forming a series of damped osills- 
tions, 

With the high-frequency apparatus of which Tesla dis 
covered the principle, we enter into = very important 
fic, We will not go very deeply into this subject, ar! 
‘wil content ourselves by outlining the prineipal systems 
vo that their operation may be understood, 

The principle the Tesla coil i based, con 
sists in introducing high-frequency currents from the # 
charge of the condenser into the winding of a special trans 
formers the condenser being charged by means of an in 
vection coll, oF a transtormer of low frequency aad Inih 
tension. ‘The apparatus may be connected én tee ways, 
‘beth pointed out by Testa in IS 
symmetrical connection (Fig. 94)—the circuits, Pam’ 2 
represent either a induction coil, ot a commercial hi 
yaltage transformes. The coil charges two condensers. 
Cand C', which aze connected fo the primary, 3, 0 
high-frequency transormer. A spark-zap, AB, is 
nected w the tminals of cixuit 2 and the tall 

{and B, are brousht close enough together 20 that nu 
merous sparks may form, but pre 
vent them froin forming an are 

What takes plice may be explaine 

transformer, 1,2 is sit wndinary: in 
a 


common with 




















In the first arrangement 














mstions are taken 1 








by supposing. the 
ton coil. Fig. 
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gives a rough idea of the phenomena, During the estab. 


lishment of the primary current, /,, a small value of sec 


1 


Fic. 
I. Symmetrical Conseetion. 11. Connection with One Condenser, 











ondary eurront is produced; but a¢ we have teen, the emf. 
is not sufficient to produce a spark between A and B. 
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wall known form: oscillations of the onler of a hundred 
fof thousand por second, rapally damp, ane proslived 
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in the circuit charging the condensers, C and C', ant 
circulating at the same time in circuit 3, which is connected 
to C ani C'. When the condensers are charged to a 
suficient potential, a spark is formed between A and B 
which produces a sudden variation in the charge of the 
condensers 

At this moment very rapid oscillations are produced in 
circuit 3; thoy have period which is determined by the 
capacity of the condensers, C and C’, and by the coefficient 
of selfinduction of circuit 3. These oscillations are damp 
they may be completely wiped out at the moment when 
the following spark is produced between A and B. At 
cach rupture of the current, f,, there may be a greater or 
Tess number of sparks at A B, cach of them giving birth 
toa group of analogous oscillations, and the carzent in 3 
hhas a form similar to that of é, 

‘The current, i,, evidently has not the regular form ind= 
cated here; as each spark at A B of the primary-current 
curve should contain a dip analogous to those shown in 
the osillogram (Fig. $1). The value of the instantaneous 
currents, jay, which exist with cach spark should be con- 
siderable in comparison with the value of #,; in fact, the 
sparks in AB have anextremely short duration, They may 
be oscillating, but their period is infinitely shorter than 
that of the oscillations of i,, because of the coefficient of 
sell-imluction of the discharge circuit is much smaller than 
that of circuit 3, Tt is mot an exaggeration to say. because 

roves it, that the instantaneous value of cur 
rent in the spark may in certain cases attain several hune 
dred amperes when the maximum of i, is not one ampere. 
‘The difference between the instantaneous values is caused 
simply by the ditference in the durstion of the pl 

The high-frequency current produced in circuit 3 is 
more exactly a current of very short period, because it i 
easy to too thet the duration of the ussful phenomena 
(that of circuit 3) is a very small fraction of the total 
time. The necessity of demonstrating the phases of the 
phenomena forced a considerable alteration of Fig. 9: 
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ve will try to re-establish more true proportions. Suppose 
that the interrupter employed has a frequency of 50 per 
second, tat is, a period of 102 second; an onlinary coil 
with a cayacity, such as usually employed for the Tesla 
currents, gives a secondary period of owillation of the 
‘order of 0.005 seconds (abyut (101 to 0001 second). The 
sparks at AB are produced! only during the first. half 
‘oscillation of f, then it is necessary that the potential be 
greater than a certain value; the useful phenomena lasts, 
therefore, during a shorter time than this haif oscitiation, 
We can say without exaggeration that the duration is 
very much, less than 0.001 of a second—in this case much 

















4,0 the tt ne. The mean ets andthe 





capacity of circuit % being siven, the oscillations which 
‘can be prsluved are probably of the order af a millionth 
of a sevont, We have no isles of the magnitude of the 
damping in this circuit; acconting to calculation, it would 
be very little; but it is probable that there are other causes 
of loss uf energy thaa the Joukaan effect, the electric radia. 
tion for example 

‘The emf. generated! in the secondary cirewit of the 
Testa coil (cireuit 4) has the same form as jg, but lags one- 
fourth of a period behind this current 

‘The swvund arrangement inticated by Tesla (Fig. 94) 
is proviles! with only one condenser, and the spark-gap 
is in sevice with the coil, 3. The operation of this arrange- 
rent is very much the same as that of the first. ‘The two 
methods pive results which dilfer very little, but the first, 
from the point of view of socurity, has the advantage that 
fone may touch circuit 3 without danger. In case an are 
forms between A and B, coil S may be carried to a dan- 
Berous vollage: in the ease of the second arrangement, 

under the same conilitions, it is insulated from the 

frequency high-tension circnit when the first system 
is employed 

The Test transformer consists essentially of a primary 
circuit formed by several turns of heavy wire: the diam- 
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eter of thess turns may tie between 6 em. and 20 em. 
The secondary is mace up of a larger number of turns of 
wite, a little smaller in diameter, The ratio between the 
number of turns varies according to the service; it may 
vary from 2 to 20; the latter figure is seldom exceeded, 
The two circuits should be well insulated from each other 
and mide up of large wires covered with a thick layer 
of insulation. The insulation between the two circuits 
often consists of a glass tube. The whole is generally 
immersed in oil so as to increase the insulation and to 
avoid energy losses by radiation. 

It may seem astonishing at first that stich 2 small co- 
efficient of transformation will permit the production of 
such high emf, in the secondary; it i known that with 
a spark between 4 B, which is but a few millimeters Jong. 
2 spark between a and 6 can be easily obtained which is 
from 20 cm, to 25 em, long, using a coefficient of trans 
formation of only 3 or 4, This phenomena is easily ex 
plained: With each spark at 1 B, escillations are produced 
in circuit 3 and a very high emf. of self-induction is 
produced in the circuit; the condensers, C, C’, are charged 
and their em. is, at each instant, equal and oppased 
of the emf, of circuit 3. We have—rneglecting the damy- 
ing of the owillations and calling E, the difference of po 
tential between A and B, ¢ the difference of potential 
across the condenser; ey the e-m.f of self-induction, and & 
the resistance of the circuit 














wCL 





Te ig easy th soe that the emaller R, the groater the ratio 
of e and c, 1a F,_In the high-frequency: transfurmors, the 
em4. which is multiplied by the coefficient of transforma. 
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tion is that which is produced in circuit 3, it is ey, and not 
the difference of potential, E, applied to the terminals of 
the condensers, C, C’; the magnitude of & simply deter- 
imines the tength of the spark at AB, and there may exist 
between the terminals of citeuit 3 a difference of potential 
very much greater. For instance, an induction coil 
could be placed in shunt with circuit 3 and obtain 
between a and b (Fig. 96) sparks several centimeters lona, 
@Arsonval uses this arrangement: he suppresses the 
secolary of the Tesla coil, and utilizes omly the difference 
of potential which exists between the terminals of a coil 
of lange wire, which is made up of a few turns and forms 
the circuit. 5. ‘The results obtained under these conditions 
are absolutely the same as those which are obtained with 


a lay 














the Testa coll; they differ only ia value of the exm.f,, which 
is naturally very litle 

Where the arrangement of Testa or d'Aronval is em- 
Ployed, one essential condition must be fulfilled; namely, 
the sparks at AB must be white and crackling; above 
all things, the formation uf an are must be prevented. 
This condition requires special provisions, because with 
short gap generally employed between A and B, the air 
becomes heated very rapidly, and the high tension of cir- 
cuit 2 tends to establish an are, 

One of the means employed at the beginning by Tesla, 
consisted in extinguishing the spark by the aid of a strong 
current of air directed between the balls, A, B, The 
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second means contisted in utilizing the action of a mag- 
netic field on the curtent—that is, the magnetic blowout, 
‘The balls, A, B, are placed between the poles of a strong 
electromagnet, the lines of force being perpendicular to 
the direction of the sparks; the poles of the magnet must 
be protected from the discharges by means of heavy 
plates of mica. The magnetic blowout is more affective 
than the air; the latter has been much simplified by 
d'Arsonval, who instead of blowing the air between ota 
tionary balls, moves the spark through the air. In the 
@'Arsonval system, the balls, A, B, or the rods which re- 
place them, are mounted on a small electric motor which 
causes them to describe a circle from 10 cm. to 20 em. in 
diameter; the sparks form in this manner at different 
points, and the duration of a revolution is sufficient to 
allow the air heated by a spark, to regain the temperature 
of the surrounding air, before a new spark is formed at 
the same point. 

Another arrangement brought forward by Messrs, d’Ar 
sonval and Gaiffe, consists in connecting between the 
terminals of circuit 2 (Fig. 96) an auxiliary condenser and 
connecting the same terminals to the spark-gap, AB, by 
means of two resistances. 

In order to prevent the formation of an are, it is import- 
ant that the balls of a gap be as highly polished as possible 
each spark corrode: the surface where it forms, and the 
roughness thus produced facilitates the passages of discharges 
and leads the disruptive em. ray 

In the majority of high-frequeney systems, the length of 
circuit 4 is about the same as the length of the wave of the 
oscillations developed in circuit 3; if by proper adjustment 
of the capacities. Cand C',a length of wave is obtained whick 
js equal to four times the length of circuit 4, stationary 
waver will be developed in the latter (Fig. 97, 4); if one 
of the extremities i¢ connected to the earth, ite pe 
iS zero, but it carries a maximum value of current: on 
the other hand, at the free end of the circuit, the values 
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of the current is zero, but the potential is a maximum, 
When resonance does not exist between circuite 3 and 4, 
the difference of potential obtained beiween the balls, a 
and , is less; therefore, it is advantagecus to tune the two 











Pro. 97. 


circuits in order to obtain the greatest effect with the least 
amount of energy (B. No. 48). 

). Resonaters.—An apparatus introducd by Tesla is 
employed to a great extent to-day ‘by medical men and is 
Iknown a5 the reronatr. Although the effects produced are 
quite complicated. they can be reduced! tu Tesla translorm- 


Fic. 98. 








ers, in which the circuits are simply inswlated in air, and 


in which the tuning between the primary and the secondary 





Ginowit is exactly adjnsted 
The first resimatur built, that of De Qndin OFig. 98), 
consisted of a large evil, 5 formed of from 50 t0 100 tums 
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of heavy bars of copper wire, wound on a wooden core, and 
separated from cach other by a fe millimeters of ir. 
‘One of the extremities, A, of the coil is connected invari- 
ably to a condenser, C, while the second condenser, C’, 
is connected toa sliding contact, O, which may be adjusted 
‘along the turns of the resonator, Tt is easily seen that by 
proper adjustment of the point, O, the coefficient of sef- 
induction of circuit <1 O can be regulated in such a manner 
that the oscillations there developed will have a length 
equal to four times the length of the circuit between O and B. 
‘The inductive action produced between the turns in AQ 
and those in QB, determines the production of stationary 
waves; the potential at B is a maximum, brush discharge 
‘ucing produced at this point, and if it is approached by a 
conductor, sparks several centimeters long will be formed 
If the point. O, is connected to the earth. the law of distri- 
bution of potential and current represented by Fig. 97, 
will approximately obtain; but if any point in the crcvit 
is touched, equilibrium is destroyed. In this apparatus 
the effect obtained is the resultant of two actions; namely. 
the induction of the turns of the part, 1, on these of the 
port, OB; and the cseillation produced in the part, OR. 
by the variation of the current at point 0, If the part, A 0, 
were placed so that the mutual induction between AO 
nel OB was zero, the phenomena would still exist, but it 
would be considers reduced: in stich a manner it would 
be possible, the toning being established to cut the coil at 

oint, O, without interrupting the operation of the 














the 
apparatus. 

In order to permit the best possible utilization of the 
considerable current value which esists at the node of 
the potential in the resonator, withiut changing the al. 
justiment of resonance, Captain Ferrie introduced a sym- 








metrical apparatus in which The resqnant circuit has a 
cave In thig system, which resem 





length equal to a hy 
Mes esastly that of Tysla. the inductor circuit. D, (Fig, 91 
is formed by a single (ur of the same stae as the secuntdary 
tums vf the cuil, 5, Lut completely insulated from thes 
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‘The coil, S, is cut in two equal parts, and the connection 
between two parts is obtained by the aid of a body which 
is to be submitted to the action of high-frequency currents: 
the blocks, PP’, or appropriate conductors, serve for this 
connection, In order to adjust. primary oscillations to ex- 
acily double the length of the wire of the coil, the capacity 
of the condensers, C and C?, is adjusted, The distribution 
of potential in the two halves of the coil is symmetrical 
(Fig. 97, BY, the conductors, P, P’, ate at a zero patential 
in such @ manner that the electrified body cannot be insu- 
lated from earth. It can be touched without causing 
‘the least disagrecable feeling, which is contrary to that 


Ag 


Fic, 98, 





which takes place in systems where the clectrified body is 
carried to some potential; in fact, the current valuc is a 
maximum at the points, P, P’, where it is necessary to pro- 
duce the useful effect. In this system resonance is regu 
lated so as to remain always under the most favorable 
conditions, bat in oriler to vary the value of the current 
according to the needs, the primary turn, D, can be di 
Placed so a3 to yacy the cvefficient of mutual induction 
between Dand SS! 

The loss of eners in resonators is considerable. because 
the oscillations developed in air circuits, presenting a 
large surface, produce about themselves an intense radiation 
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of energy. This Tesla tried to avoid by immersing the 
transformers in oil. 

40. Diverse systems.—In ordinary induction coils, energy 
js stored in the primary, and part of it recovered when the 
rupture of the circuit takes place. It is possible also to 
store energy in a static form by charging a condenser to 
a sufficiently high potential, and discharging it in the prim 
ary circuit of the coil. This arrangement appears to have 
‘been employed for the first time by: Norton & Lawrence 
(B. No. 31); their method consisted in charging « condenser 
of large capacity, C (Fig. 100-1), on a circuit of exn.t, 
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and discharging it afterward into the primary circuit of 
fan induction coil by means of a commutator K, driven 
by an electric motor. 

Sometime afterward, Tesla (B. No. 36) proposed an anal- 
ogous system in which the revolving commutator was 
replaced by an automatic apparatus composed of ani electro- 
magnet, S (Fig. 100-2), excited by the discharging current 
ff the condenser, During the charge the electromagnet, 
SS, attracts ite armature, Af, but 25 soon as the cond 
js charged, the current ceases in $ and the armature, Mf 
falls back and discharges C into the primary of the coil. 

‘Assume a condenser of capacity, C, charged by the 
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emf, E, the quantity of electricity which it contains 
is CE; if the resistance of the primary circuit is R, the 
value of the current, Z,, at the time of the discharge, is 
measured, 





We assume here thit the resistance of the circuit i small 
enough Jo give an oscillatory discharge, as has already 
been done. We may noglect completely the resistance of 
the circuit, the value of the current, [1, then become, 


Bg wl 
eye sin — 
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The discharge produces in the secondary cir 
em.f., a os 









ning of a 








y. the em proted i proportional Wy the 
‘hae voltage ofthe sonfemen, mule By ie sou 
Gient of transformation of the coil. Tein hereon, 
portant to inezcae this confit. if fr a ronson prt 
mary volte else ty icrenceesparhe. Alinog 
the capacity dis not eater inte the equation of theca 
it is necessary 1 take it into account practically, because 
ifs wo sl, the eaergy sored tal appease cote 
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in losses—joulean effect, hysteresis, brush discharges, ete 

‘When dealing with condensers of sufficiently large capac- 
ity, it is preferable to charge them in parallel, and dis- 
charge them in series; if, for example, there are m con- 
densers of capacity C", the maximum e.m.f, produced wil 
be equal to, 








wine 
etme = WEE. 


‘The necessity of employing condensers of large capacity, 
which retain the charge and are capable of resisting 
voltage, is the teason why this method is so litle used; 
the advantages which may be obtained with it are more 
apparent than real; experience shows that energy ex: 
pended in the two cases is about the same. The only 
serious advantage which is possessed by this arrangement, 
is that it permits the use of from 110 to 220 volts and 
more, without the use of rheostats which cause a great 
loss of energy. 

Finally, we will mention an arrangement by E, Thomson 
(B. No. 35), which differs slightly from the classical in 
duction coil. but which dove not appear to have heen 
used. This arrangement consists in utilizing « current from 
an ordinary distribution circuit, that is, more than 100 
volts, in a primary winding mado up of relatively fine 
wire, and interrupting this circuit with a rotary inter 
rupter, The rupture produces a high value of current 
in the secondary eireuit, which is made up of heavy wire, 
and this current is in turn ruptured by a rntary contact, 
By suitably choosing the moment of rupture of the cur 
rent, thete is developed, in a third circuit of very fine 
wite, a very high emf. It is difficult to judge without 
experience, the value of this arra 









































CHAPTER X. 
USES OF INDUCTION coILs. 


41, Installation and regulation of induction coils.—The 
source of enemy available often determines the choice of 
the coil, vr. at least. of the interrupter: reviprocally, a 
given coil destined to a given servive, determines the choice 
fof source, 

When a continvous-current distribution system wperating 
at 10 or 220 volis is available, the largest evils 
be operated with a Hiqait i ce 
interrupter, itis not so easy an 
a small ev with dry interrnp 

Tfit is desited to operate a cuit employ 




















ne voltage 
(less than :it volts for example) froma dhsteibutivn system, 


wo rhe 





S.A and B, may be placed in series between 





the conduvtors (Fig. 11) sat the evil eotmecte in shunt 
With ane nf them. The site af che rhoesiats, 1 and 2, 
may be vhosen then the follwing en 








The coil shosld operate wah an cat an the 

ea. of the sistnbutinn svsten; goed satisfactory upere 

ti wf the veal demands that the value of the current at 

the moment of rapture be at feast equal ty fy. It bs easy 
mis will be gutted it, 











to see that nse comtitn 
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KutR 


for Ry. amt 





for Ky. ; 

Under these conditions the difference in potential, E. 
varies between Ey and E, = Rly, se that the establish. 
ment of the current requires 2 longer time than in a circuit 
where the emf. is constant at E,, In order to avoid 
this diflivulty, the values of Re and Ry must be calculated 


























begins 
it is desire} to attain, by Taking, for example, Jy a quarter 
greater than the necessar 

Thisisa wrsly expedient. 
soe batteries clears ts 
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‘ist eibuniom system 

















Memaucted to thy ehaegiige creat 
he expentitune of energy is the 
fn the hatterivs, ac tat obtain 
Ky, 8201 a mieretiry ntermapter 
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when 2 use (Fig, 101 
same. cownting the bases 














Ch, 0 
When a mereury fatermipter [6 asl na vontinaens 
courrent, distribu os buen shown that the 
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value of the current omic be limited wo a maximum, by 
means of a theostat (Fit IL-3), oF a cirent-breaker, <u. 
as ty prevent the destruction of the evil, in case of stop: 
Page of the internipter, or tow long duration of contact 
The we of a cieuit-breaker is preferable fm the point 
of view of elicieney, it its operation is not always sure, 
and one i: use a rheustat Tn this case 
the resistance of the rhemstat must be such as to allow the 
current to excead the hit, [4 $0 that this value will the 
Fapilly attained. The more rapid the interrupter, the less 
he value uf resistance comieeiel if it is desired always ty 
eer the current at tee value, fy: frm this it results 
that fora contain seed the resistanee is ne layer sufficient 
fo protest the evil 0 stoppage, i is mevessary w 
have recourse toa cubuut. or a fuse ‘This latter means 
is sill Wess sure bec the: valte uf curnent at which it 
melts fs very variable, amd alse the renewal uf a fuse requires 
a longer time than the rephwtng of a ciratt heeaker 
Excepting the regal IM parts of the cireait 
shale hase as 0 as pussibes the connecting 
Wires shenbE be wf h veto aml well instal 
coveted wath rubber, which is only sol tor lightinye 
ations, :s very goed tor this purpwse: a diameter 
Of 2 millimeters is very satisfactory for untinary. coils 
which eepure a mean cuirenit of from 3 to 1 ampens, 
When a primary omlenser separate from the evil is 
weed care must be taken tw oopect the eombknscr ww the 
interrupter with large stort wires: avedding turne and bends 





















































































this precaution is of capital iraportance, 

‘The prover absortl by a cal depends on the duration 
ob ite \ ouil vaputie of carrying ativan eurrent 
af fron 151 eres for a dew" minutes, shoubl generally 





not be workied at rare than 
of the heatmy of # 
Mt shoul 
small fi 


nosy, Neva 
et the atray 








Peon that The amajurity: ad wile have 
fot svnihing anid that there is pret 
them ly Testing. ‘The nurmal caditions 
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af operation should be given by the builder; or when these 
Tnstmictions are not available, they should be determined 
experimentally in the fallwingg manner: The coil is pat 
into cervie under cortain conditions and at jhe ent of a 
certain time the resistance 9 the primary is measured, 
stoping the eoil just long enough to make the nasurement 
Wher this resistance fas inereased 20 per cent. which cor- 
respons to SP C temperature rise, the experiment must 
he moypel to await cling, According 1 the rapidity 
{the temperature tee, it i pensible to determine whether 
tine is operating the enil near its normal caynwitr, oF not 

‘The Sirevtion of the primary current in the cell isxenerslly 
of me importance: it is determined entirely ly the direction 
of the seoundary current which itis desired to vbtaia, In 
conker to leremmine the Mirren of the fatter, a 
forniot Neuwevn a point and a plate as we have se 
won 10 wires can he observes. The whitest 
negative ywte> this last means cant be a 
ed whit the coil furnishes non-condensel sparks of a 
raf or yellowish tint 

Wil Xr 
linkgod from the aspect of the tube at 
Baas Fite ts recommend 151 ¢ better net he take oat 























































ties. entil the direction of thy «sereit 

fn this way deze tube is avoilet 
Ina eortain number of fields of appheation, wireless 
ralingraphy of living bodies, ete., re is vbtigedt 
vund; the question arises az t0 
wichout 











‘ty canner 








the limit wy which this prveeding may be carrie 
danger From what we have seem the insulation bereem 
the primary and the cecondary ae at least capable et resisting 





equal twene-half the maximum which 
A, sinew it is the morn 
«ne 


a lengtlh of sparks 
aan be prnduced by the 
y schieh this insulation is sbnvitted: bast 
sepentary lerminals is connected to earth, the ett 
















38 10 he commectiad 49 earthy ant 

















108 INDUCTION CoULS 


few mistructesl for this conn 





ne coil has Deen especial 
tion. In the mapirity uf eases, the commeeting to vari 
aay he made withont donger, because the emf. emplaved 
its this ease iv melt lose than that whicl the instaation vit 
Test taking, for example, a coil giving them, sparks 
comected to antennal tur Wireless telegraphys thanks t the 
capacity of the amenna, one rarely obtains sparks greater 
than 10cm. between the balls; therefire. the insubatit 
Would not be jn the least endangeral by connecting the 
pole opprsite to the antenna to earth. Tt would be the same 
if une was exciting an Xray tube, the equivalent spark uf 
‘which i 10 em. lone with a coil giving 2-em. sparks, In 
general manner, one can alleays eunneet ome terminal to 
earth when the muaxinium operating © mut. corresponds 19 
hralf 4 the maximant o m.f. which the coil is capable of 
ruhwing: aboce this hit, coils espevisly: built for the 
Purpose must be ws] 
Ail symmetrical evils when one of their terminals is cem- 
nested to earth, show a change in the aspect of the spark 
it he Thecanse of the inerease 
in the econ ct 




































ays i appreaclesthe appe 











of sparks frome tnipe ay oval 


Ty sevms esirade ter vonneet several ovale tewether, 





(oly powers there as nes precise tak 
Is were privet, 1 soatbl ie imme 
whether they wes oamected ft Sets, or in parallel 
the energy avaitetl in eaeh weal 
fF rhe wthers. it wear Teo only mavens 1 


as te inet 





for this vase 








eal te cht 
sither che 
extern cinuite. Tn reality, the phenatictia are mete 
miles, amd < that the paralhl comneetion of 
ralaries will give untevorah 
te aeaquality othe: evils, overs an tli ates 
ft fs desiree? ty erence: the value ot the oxrrents as, for 
example ren ehuungns Tare eset the se 
ppeare te give Metter results. Whi 











reatlts, Menace of th 

















enaase thy emt fesse 
tes take the insulativn of the eds inne svovtint Ths 
vmmeetien Ssoly pessste for stall coils a se 
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insulation between the primary and the sexmulary is generally 
fajvr than is strictly nevensary, With 
Tanwe evils, it i not pwsible. without linger, 10 exceot 
the emf, which woul] be permitted when one of the 
temiirals is grounted 

The primary circuits of the coils should preferably be 
connected in series. because the imerrupters will stand an 
wrease in voltage better than an increase in the value 
the current: however. if one is dealing with a battery 
containing a Timitel mumber of cells of lane current eapas 
ity, it is impossible tw wo otherwise than to connect the 
primaries in parallel, Whatever be the conection adopted 
only ve interrupter shoul! be employ. atl the change in 


considerably 

















the cetticient of selinduetion should be taken ito 





et. since it requires variation in the vaparity of the 
comlenser if the most favwrable resulte are to be obtaines 
In onier to obtain a greater useful effect. ir is necessary 
that the total eney input w the connected primaries 
showbl te greater than that which one cal can absorb. 
The regulat serraplers fg 2 Very important point, 
2 which, 1H ely, i is not peissthhe te give 
Referring t+ Chapter VHT. where a 
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tase 9 ET he ftind Ts shoal! he tein 
regulatien of interraptors is tefiee all 4 
try an! nf expetieme tm! 

coctions priest By the be 
42. Charging large capacities, —T"i 
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advance the conilitions te be fultilod in weer ws obtain 
@ given result, itis pussible—knowine the cueflicrent 
of self-inshuction wf the primary, the capacity of the sec- 
onilary, the disruptive em.{. whieh erresponds to the 

Spark—to use the elickeney expra 
VI; the a 








seoumltry eth, 











Bote 
It shout be noted that y is generally snaller than 0.5. 

‘This equation is in error wien Ue scconlary capacity 
is an antemma, base energy is radiated ito space, aad 
it is impossible to know the efficiency: the above equation 
ist 

In charging lance capacities, it is mat necessary tow 
coils giving very Jong sparks: i i preferable that the see: 
ondary be wound with mmparatively large wire, so as te 
oman a low resistince, Between iy vvils having. the 
same coefficient of seli-intuction in the primary, the on 
having the lemer sovontare rsidanve shoabd be chosen 
even th 4 shorter spars 

Induction evils raphy: slvoaht 
for the reasim gives thet things Theis 
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law-frequenry currenis. The smallest fie!) hetweven 1 
conserutive secomlary terns ney teat be noticed with 
inary discharges, Tat hen wpwrated wih evmdensel 
sparks, vnimietintey produce a short 

Ta sporting, at is alse ah 
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ory lange capacity, awl it ie necessary’ 17 obtain sparks 
fof the same length as these which the evil can give alone 
In this case. it is impossible to connect the batiery d 
rectly to the secondary terminals, because then aver 
sive spark woukl be nbtaineds Be e™uct be charged by 
eins of several sueresive sparks in sul a manner as 
prigressively to elevate its potential v0 the necessary 
‘The connections (nr this provesure are shown in 
The interior plates. 2, of the condensers are con 
nected! as well as yusbte to the negative side of the coi 
(the losses of energy by radiation are Tvs in this ease); 
the extenor plates are cemnected tw» the pmnitive pole 
P farted bya point, Ps amt a late, P, The 
distance between the pwint, p, ani the plate, P, is long 



























encnich tH give Xs eewwh dlischarws 
between p and F, the yoteatial of the ssn lenses rises, 
the sjstrks at first being very fall, Davo 








yhinners then, 





he disruptive emi, corresponding tor the distane, 
svt luminous spark is form 
ote intense, and th 





whe 
Bis obtained, a bun 
the siwharges at p 7? 

















battery is recharged sparks at po? 
newssary to abla at is slujiends: upeit ce 
eapactiy: of the condenses att the spuirk ofistamce ay 0 





nto be fulited, oe that the gap. p 7 
to prevent the discharge of 










the vemuensere fy 
48. Radiography and radioscopy.—Rivtivarwphy and its 
net tn fer the more general 
ine of the pine 
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cipal apy ns oof induction evils. The subject is too 
broad to be trated here: it naquires development which 
extends beyond the domain of the enginser, ant since 
there exist ninmerous ara good works on this subject. it 
will not be attempted ty du mere han give a few points 
which have diget hearing opin 1 








induction coil 

Ifa cathode nibe is Maced in shunt with a spark zap, 
itis well known that there exists fur each degree of vacuum 
a distance betwen the elertrudes of the gaps for ahich 
a discharge will be producet with equal favifity, either 
at the spark sap, or irwugh the ibe Tength 
is called the " cuivalent resistanve more 
exactly, th Since the nature of the 
ays emitted varies with the degree uf Vacuum. it is n 
sary to know vSactly the fengih of the equivalent spark. 
and it should alsays Ue measured with the api 
this gap) may le ermed by tw small rads mounted at 
the terininals ot the induction coil, amd arranged to allwiv 
adjustment of the gap. It is als qeesible to use a apt 















caquivalent epad 














consisting of a ywant 





mia platy This i an excellent 
home for ternjocntry installations, Iwcause it permits the 
recone Hf the curent, before eon 
in the uabe: the tube should be connectes! with 

fv the plate ater havityg seen that the spark 
Passes from the pint te the platy. Care shoukt a 
bbe taken tes determine the ry 














he current, before 










polari 
Ina general way, it is known that a tube having a sl 
equivalent spark. ermuts rays of small penetrative powers 
which traverse benes with dlitewlty. and consequently 
give negatives with verr great contrasts, On the Con 
the wquivatont spark inereases. the rays 
Uecome mon ail more pene 
more gray, tnt deuuts af the lunes are abtainel 
The equivalent spark measured between the term 
varies from em. and Mem. or 1. em.sit rarely. 
exeeosls 20¢m From thie st should mat be conehied that 


ize the roversal uf the 
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4 coil giving 15- or 20-cm, sparks, i sufficient ae 
must be taken of the requisite ywuver, Ln Fran 
tion coils giving from 25- to 45-em, sparks are frequently 
employed; in other countries, notably in Germany. still 
larger coils are often used; it is slftivult to say’ which is 
better, because it all depends on the tubes employed. 

The length of the equivalent spark being known, i re- 
aging to measure the effective value | the Current through 
the tube anit the trequency of the slicharges, in weder to 
deine exactly the conditions af operation. Such come 
plete measurements are rarely. ude; moreover it is quite 
dificult to meastire alternating currents at this frequeney; 
hot-wire instruments al pable of giving indica. 
tums, amt they are rarely sufficiently seasitive, In prace 

the mean walse of the primary current is meamred, 
This permits une to judge approsimately the operating 
oaditions of the voil, The frequency of discharge is not 
always known; however, with the majority of interrupters, 
it is quite consiant under fixed conditions. It sufices for 
example, to Keep the em.{at the myvtur terminals of motore 
uermupters enstant ia onder to msaintain approsimately 
constant peed. Interrupters provided with a tachometer 
are convenient in this ease. With vibrating interrupters, 
the conditions nf vperation are determined solely by the 
Voltage uf the source and the mean value of the current, 
that it is mwessary for the operator to have some ex 
perience in order to be able to recognize when a favorable 
aijjustment has been obtained. 

[As means of regulating the current, the ordinary methiests 
are available: Voltage of the sourve: resistance of the tii- 
mary,and duration of contact, Use isoften made of imbuc- 
tion coils in which the primary winding consists of several 
cords which may be connected in series or in paralld, as 
mentioned in section 

tn castivgiaphy show interrupters. more or tess regular, 

ving few strong discharges, may be weed; but for radio- 
scopy, the speed must be sulfliciently high to constantly 
Hight the sereen. A frequency of from 20 to 25 sparks per 
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1 appears to be a minim belie this the seh 
tion of the serven remlers ulworvati 
very fatiguing. Also, Incase of the scintillation, the 
discharees should be very regular. Anion: the mercury 
imermuplers which sive the best resulis m this respert, 
aw the turbine interrupters; atoniy surertupters are te 
be preferred among the sxe interrupters > 

Te ts suometines nec fsumeuest the positive site 
of the coil to ground, 018 to avoid a suv, whieh wevul 
result from the contact of the patlient with the tub 
from what was sail alvove. it will be seen that this ground 
can be maide withont inconvenience ix the majenity wf 
cases, since the length af the equivalent spark is tardy 
grater than half of the maximum sperk whieh the enil 
can prlce 

The equivalent resistance af a ecules tube differs ae 
confing to the diteetien ot the current: i ie a minimum 
when the dectrode, which by emstenction ig desti 
to be the cathode that tt siy, the ehottale having t 
rater surfave—is conti et In the te wot th 
coil lot the resistance fot datinite ix the reverse dire 
tion In Sime eases there te very tittle torneo. Th 
result oof this is that sli staal vakie of the yf pent 
when the Girewit is eles l which is a 
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siurhs aa concerned murs jenliiee im ge sattiede tube a 
slight divharge, Int sini, nevertheless, te prone 
anther suuree far thw 4h et Neruys. which may 
imeriore with thy imuage ol atm. ant slow is sapere 

deterboraling the tubes a es imnpwartant, thercne to pies 





tet the tube 9: 
einen 
Many: op 
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ist enTeeM JeraTuve dE aps slosit 


tars pretest Theat tubes be mvane of Vitlant 











ccatlwatiy valves (Fig, IMS chose atte tees ink Which the 
catltedes Sie in tthe fermi ot a oli oof Mae stlamena 
wired the ames a sfiek od the game rnetale oe 

skeet Hoeerpwrsceestemasely seh at present teats 
in todays ol mals Theta the sot nap, wl 








Operate with lhigher curreat sulse~ than vahier 


175 





USES OF INDUCTION con 


plavesd at the emt of a narrow tube. ‘The cathedic valves 
have the property uf being extremely: unsymmetrical 
When the wire is cathele, the length nf the equivalent 
spark is about 2 anillimeter, while it is about 10 em. when 
the wire is anote, 111s easily undersinod that by placing 
fone of these valves in series with the ube to be protected, 
Unit the equivalent resistance in the correct direction is 
but slithtly increase, while im the other direction, it ie 
considerably inereasest. As shown in Fig. 103, the wire, 
S, of the valve should be connected ty the anode, A, of 
the tube. 

‘The ascot alternating currents is often ubligatory, because 
of the great number of distribution systenss which far 



































alernaring current only, In nsing cathade tubes, it is 
evessany Uitte > take phawe i the same dive 
tion: therefore, one wf thie Hilf Waves must be suppressed, 
for the vaszent must Die ce titied 





In supposing ane 4 the Halfwaves, wee may: be matte 
of san interrupter for alternating current, which gives a 
niveruption per peneeds as for example. the Villar 

the synchsonnas-metor turbine interrupter. 


























1 is oh Brenner t in the primey chet, one 
rt whieh will allow’ current only 
in the sahumaunt, aid otfer an al 
Mest msticinvantabb- resstanee in the other direction 
The ts Fee pla im shiny with the 
sven de Festlts as an alumninvam val 











16 INDUCTION CONS. 


in the primary circuit ‘The Wehnelt interrupter gives a 
ondary current which is more of less unsymmetrical, 
according to the conditions of the circuit; when itis used. 
it is well to connect a vathovle valve in the secondary’ t 
aimmate more completely the reverse current. By em- 
loving rectifiers, the available power is increased, since 
both half-waves are utilized. Mechanical rectifiers have 
been practically abandonot: the same result can be ob- 
tained, either with eletrolytic valves connected like a 
Wheatstone bridge a5 was shown in section 37, or with 
four Villard cathode valves connected in the same manner, 
the cathode tube being connected on the diagonal 
Whatever be the metho! preferred for rwtifsing the eur- 
rent, the use of alternating current prevents itself in two 
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forms, Employing an inh 
former: or as a ql with 
tim is rarely applivable, because the tra 
of nnlinary small For instance, « evil giving 
em. sparks, having a translormation ratio of from 150 
tw 200, and a curticient of self-induction af Ot henry. 
when connected to a Aibvolt, Weeyele circuit, will give 
only from 16,000 to 220000 vults; that is tw six. a spark: 
froin 2 em. tw 3 em, tong at the mast This method 
therefore. 
transl 
Ihe thy inewease the emf hy using an 
arrangement of Villind (Fig 104), ‘The seemmvary ter 
minals as a 
capacity the 





ten coil as a simple tra 
n interrupter. Thy first s 
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4 tube, or by a spark-gap, B; the alternating discharges 
of the coil traverse the condensers aml give sparks of 
certain length at B. If a cathode valve is connected in 
shunt with Bit wil form a short-circuit for currents in 
fone: direction, in the same manner that Une sparks vill 
tocume wnited directly; but, furthermore, because of a 
phenomena as yet httle known, the Tength of the sparks 
hich may be obtained in B will beincreases! considerably’; 
they are sometimes doubled 

The direct use of altemating current is not general 
In most cases recmurse is had to interrupters, $0 as to ral 
the scoundary em.f. to a sufficiently high value 

41. Tgaition.—The spark furnishes a convenient means 
for igniting explosive mixtures: it is used in laboratories 
for gas analysis with the ewhometer; it is used for lighting 
gas lamps, but at present the most imporiant field is the 
ignition of the explosive mixture in gas engines, 
Ne general principle of operation of these engine 
especially the fourcevele type, which is alznust saiversaly 
employed today, is well known, After the explosion 
the piston is driven forward: the cylinder is filled with 
burt yas; when it arrives at the end of the stroke, a valve 
is nye, and the piston revuraing. sirives out the 
Aduilier stroke Baran os pemduced Wy anensy steno in 
the fyowtivel, after whieh by @ spitable valve gear. the 
eshauist valve is close 







































he admissivn valve 








slraws in the esp F 
turns, stilt driven by the fe-whet, Dur, 
the third stroke, thy ex: losive mistune is compressed 
in the cylinder, and at the moment whe the o 
is a mvaxinmam, the ignition sino the exp 
sin drives the piston for the energy of 

















the motor 
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ether wie Tiel osults sl be ednames, Fig, 1n5 sh 
ken Vey Tay 
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the curve shows distinctly that the ignition point occurs 
Dofore the end of the stroke; the maximum pressure ate 
It preduces a sioknt explosion, 

‘of this, the area of 

which is well knen tobe pruportional to 
the enersy developed. is fois than that editined with cor 
root ignition (curve 2). 1f, on the entrar’, the ignition 
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1. Leite Hunition. 2. Connet Ignition 





Early Tynition, 





is late (curve 1) the spark zakes plave when the pistan is 
on its forward stroke, the pressure of the misture is ale 
ready sliminishel, the area vf the diagram i resco: al 
the em of the forward stroke. the peresstite of the burnt 
as is still great quomagtl at tse memmemt when the exaust 
valve opens, ty let gaat gases which are too Int and which 
have not had time to expand and produce useful werk, 
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The pesblem may: the statol at follows: To prnduce at a 
nt in the travel of the piston, a spark capable 
ye the mixture. The moment when the spark 
shoul take place varies with the motor and with its speed. 
The ignition of the mixture is aot instantancouss it takes 
place at a speed of abuw) 5 meters per secu, so that in 
effect, the spurk miust take 
place a little before the puassyge of the deal pont. For 
@ piven motor and mixture, this advance has constant 
Value; however, for different speeds, the advance of the 
spark must be changed: this necessitates the avfjustment 
Of the wilvance wheel when the motor is in uperation. Ia 
reality, motors of Tow oF meant speed, in eres 6 gtre good 
1 the spark; 
S are provided with a device 
wf the advance. it & because the spark does not 
the moment whem the cam preluces the 
ruptun: these is a retard which varies according to the 
circumstances 














order 1 obtain a maxi 




















results, shall havea nvarly constant advance 
if the ma 





















The provision with whith the spark should he preduced 
hh of a 

second: therefore. spevial prevamtione mmist be taken 4a 
obtain sparks which are very rugular 

‘The nwenient when the x7 shane he pvt 
ined by x stechanism, guaetully a cam, whied ¢ 
primary vircait of an tmdcta ceil provitled 
donlinary interrater, 
cea 

Considering the first artangement (Fig, 10K), she eisenit 
is closed, the current established in the primary, and the 
attraction of the armature of the daterrupter vets the 





ie for meter motors of the under of a thewsn: 









the voit is not iiterrupte. and the 
ives the napture 





























Girewit, and a spark i produced. The comit 
fulfilled are as flies: The qian gaust holt the 
close for time sufficient tall the cuesent 
Ataishisd iv ch. edly the fnterrepter chal sm 
unitormally. er that the interval of the chosing a) 
cuit hy thy cari ate the speatk sill be oy 





if this is net the ease, the spark wil take pla 
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for tus late, producins: 1s disadl- 
vantageous to the # 

In order to obtain want results, wo metliods are use: 
‘The se of atone interrupters, which interrupt tHe current 
at the end of equal periots when the vumitions of the 
Girowie do not chany ation of very high spec 
vibrating interrupters, s) that the retard oe cules 
duced by an irregulor sjark will rene within suitable 
ints of time. 

‘The ordinary vibrating interrupters have the serious 
defect of remaining in vibration during the interval of 
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ftw closures by the vam, so that the ruphure is in adlvance: 
or retanl, avcording as thie elsure is prevduy ol during the 
movement of the hammer towanl the inverse 
the spark as very weal or zee a the first wie. hevause th 
current Tas not time ie attain a sulfides: ah 

neeniene can enby he assateed bye wsinge 







seen that 


very hath spend interrupters 














The spark awlvance beer permits the variation of the 
ierant of ehasinge tes estewit. so thay the alears 
takes place at thestesize! iwanients aweseeba: t+ the dune 


thom of the establishment ef current am Whe esol it iy pee 
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wr less apparent ailvance, and the 





sible to have a greater 
closing of the circuit may take place long before the end 
of the compression stroke, while the spark is produced at 
the dead point. When the speed changes, the constant 
duration of current establishment corresponis to a dif- 
ferent fraction of the stroke; therefore, it is necessary to 
vary the apparent alvance in order to produce the spark: 
at the same point in the stroke; in starting. it is necessary 





w Ql 








the possibility of reversing the engine 
Whea the rupture is praducet by a cam, the scheme is 
that shown in Fig. WI. The primary eireuit is closed 
by the spring, &, the 
cord wf 30 a nig. acconting t the speed 
fof the motor. the spring. Ko sebtenly: raised by the vam, 
Waves the serew amd the vizcat as broken. 
connection un the insite of the Cuil, the condenser, C38 











Which sests against a screw, V7; 








ruse oo 
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noected between thy points of rupture, thus far every: 
thing is exactly as in ordinary coils, exvept thet there is 
one spark per revolution, ‘The abyve system is that 
hy has been usel by the Dion autemobile; the current 
is established by the shiek of the spring on the screw; on 
the other hand, in the Aster system dhe cuntact is estab- 
lished by the raising of the spring by the earn (Fig. 107-2) 
» other systems, the cam is replaced by an insulating 
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disk, provides with nivtallie sectors against which a 
spring, rests 
In such systems the ruptare is protucer! by the move 
the sark: 
hare provi ted with th 
elvan; there be 
Ste be wel whe starting, 





reed 0 aly 





raivit wf the vara, There is 
aed inp 
eramment, genceally Thave at fel 
peed stat 

Spark culls fur movers ty 





tive, he amotors w 
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We will not deseribe themt here, but will Timit om 
to gence! instructions as to their operation. 
Amwng the systems derived from the above, we can 
mention that which is based on the “extra current " of 
rupture, The coil employed is an induction coil, the 
ireuit of whieh is elise! by a contact inside of the cylinder 
instead of the spark-plug: the cam prudiuces a sucden sep 
ration of the contact pieves, so that a spark of “extra 
wrrent " passes between thom in the cylinder: with this 
arninyement the current is often furnishe a small 
icugnet, 

-\ combination system of coll and magnets is now often 
employe; the first appears to be due ty Simms-Bosch 
an. The induction coil (Fig. 108) Has wwe eirewits, pri- 
nary and secomlary. wound on the armature, B, of a 
small magneto driven by the moter itself The primary. 
is chsed by a spring contact, L-p. which isopened 



































abruptly br a cam at ex. revolution of the shaft: under 
these cnitinns. the eustent produced by the roration of 
the 





the moment when its katne 
‘alt 


jel fs anterrUpied a 
ruceyrmoame: dhe comfenser, C, being pices in sh 
the imterrupte ‘eas in an oninary 
Fenluction evils inthe wwnerated a high 
value of emf. whieh is added to the math smaller watt 
nettle) by the rotation of the cirrwit, 2 This system 
is very simple, it toes aweay with the use of a primary oF 
Securlary battery; its installation is very easy, sige 

othe free wre 








everthing takes yl 
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reiptires nly one silted wire Tet 





rrinal of the secondary antl the spark ph 








Tn the Elsemann system the eail an din 
arate (Fis. 10, The srmture of 1 
Greuited slong the major portion uf the stn 
momtont selon the eam peisses, the sl 
the “ext eurtent an the primary, 1, of 
by induction in wh 
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to thes conlition of prie 
storage batteries; on the other I 
becomes demaynetized, thus causing the same disturbances, 

All systems using an induction coil, or more generally 
high-tension in which the spark jumps between two points 
at a fised distance, require the use of a spark plug. The 
plug contains two metallic wires, one insulated, the other 
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connected ty the frame of the engine, between which is 
formed a spark of from 05 1 1 millimeter in length at 
the most, The insulation between the two wires is gener: 
ally of porcelain: although mica is also employed, The 
types of plugs are numerous, and the ditferences between 
them are often uf little impurtance. They are generally. 
for the object of preventing the eracking or breaking of 
the plug 
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le spite of the short distance henween the wins wf the 
sark-phug, the spark encounters a certain resi 
overcoming this distance, berause of the compression of 
the gas. The equivalent spark. in which air at atmo- 
spheric pressure may be ten tines longer than the spark 
in the compresseil 435 a5 can be vasily verified by a spark 
sap placed with the spurk-plag. 

The spark whiel is formed in the compressed gas is al 
ways a high-frequency spark this van be shown by: the 
use of the Ino uf wire as describest above, in section 

The plugs tecome vovenst im time with a slightly con: 
Hucting layer of Mack smoke ant oil: the cesult boing that 
the current encounters a path of little resistance which 
reduces the emf. much below the disruptive value amd 
when the spark is not produced i 
This action is wreatly accelerated when the combusts 16 
niet perfect. An avcidental observation has shown that, 
nevertheless, tinder these condityins a spark at the plag 
may be obtained if the plug is connected to this cull bs a 
booken conductor, su that a spark of trom 1 (4 2 millimeters 
i formed in the eirewit, The phew mena is die a the 
foet that the auxiliary: spark substie aly 
slow variation of potential. the abrup; variation which 
causes the discharge at the plug: the phenomenon is snabo 
gous to that proshuced with a plate ut tilings which» 
formerly used for increasing the length) vt sparks; a 

ary frequemy can tray 
Phte without affceting the exterior. while the dish 
1 Leyden jar produces sparks at the surface, (B Ne 103.) 

45. Miscellaneous applications.—In fuction coils are used 
for a great many experiments in leeture courses and in 
the laboratory; the general directions given in the pee 
voling chapters cover many of thest ses 

The operation of Geissler tuber ord 
coils. or when lange coils mast be nsec 
hegreathy retuced, otherwise the tuber may be deteriorate 
In making the Crookes experiments greater power is neces: 
sary: Roweter, the mst of them cum be made with coils 

the 1 
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fe tubes: or Cenokes tubes. 





In 
nc with Ry 
wires which connect the elecinades to the coil, aml they 
should be remived as far as pussitie from the test of the 
tube, so as avoid a spark between the wire aid ane 
other part of te glass, whieh would puncture the tube 
and put it immoliately out of serviee 

The production of atone reqiees a coil proportionate 
to the ilimensions of the ezonizer employed. ‘The upera- 
tion consists in paussing a certain quantity of air or oxygen 
Hetween the cletrudes of the condenser charred ta 
potential High enough to produce brush dischane. The 
Jotential should never be eases thigh encugh ts prentuce 
sparks; 601 the coal tw be ensployed dhuald be 
1 indlonser: the Tanger the condenser, 
the more ponwertal the coil. Hut also the greater the quan- 
tity of ozone famisied, 

‘The elassie experiment of pei 
with an nee Wher a Tange coil is tse 
Jrosaibte tw yu 
in thickness: a evil giving feony I to Sthem, sparks. can, 
fer example. puumeture a Mock several centimeters thick. 
When the experiment is made with a small coil an a thin 
late of yliss, the precautions te be ample 
cach sike of the hice plate 1 otier, are 
placed Lie metallic pants, whet are comnceted oe she 
Suit, When the tlekess of thi 
anst e taken surface, 
we sqarks takine this votre in jrelerence ts pieteing 
the ghass, ‘The hest means, ame the most sure, 1 myploy 
in thig case, costs in ceiling twee fnles it the st 


experiments with G 
re still be taken Us fasten the 








gots tubes, 






























ing lass, is often made 
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Prevent lichanee aver t 








y L millisiter deep and opposite cael, 





of the plas, sane 








thier; then, aftve pacing the points, the entire enutit is 
icunerseed in amaeral cil we pettoleum: the vesel which 
feomgel ty permit tlhe 


at danger of isch 


caine the oid shold be bas 
eatin of the terminals wit 
seress them: wtherwise, they mist 
ties. In this way the surface 












es, whieh onli 





narily prevent the puncture of the wks are easily aveidest, 
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Care choull always be taken to thoroughly dry the block 
of lass, so as to avoid surface dischange 
is roncrally advisable to 
Place a spark-gap in shunt with the glass to be punctured; 
the electrovtes being separated by a iistance equal to the 
maximum spark which the coil can give, This precaution 
is taken to prevent the damaging of the coil by the dis- 
charge when the spark ia formed without piercing the 
slass, The effectiveness of this device has been demons 
trated; it is trie also that it does not do aay harin. That 
which we know of coils shows that the danger of a 
Puncture er uf a short-circuit of the coils, is more 
‘when the coil printuces oscillatory discharges, even though 
they be shorter than when the spark cannot be formed; 
it appears that the terminals of the coil generally con- 
stitute a sufficiemily effective lightning arrester 
A very extensled application of coils concerning which it 
is, unfortunately, impossible to give any very useful direc- 
ionsis that of melival coils. inwhich current isused to pro- 
stuce shocks in the human organism. For this use the euuls 
sinh be of low power and fed with low value of eurtents, 
The models most uften used ave nu condensers; the inter 
upters are of the spring type, and generally: phew a 
eomsiderable spark at the 1 1 the marsinnrn 
nf generated in thy secondary’ is hae enough 
Sangerous. Fran & 
Huiiowhy 19 define the eurrent whic shel be 
applied im thie way to patients, amt the proceeding. is 








































it as indeed 








irely empirical ductore in order to render the 





results more comparable, use cnils with condensers en: 
loving very large eapacities, « the s 
emt, amd to prevent the disturbance which results (rom 
thw spark at the ray Probably the same resilts ean 
be obtained by shuniang the interruprer with a tow ree 
siguance. The tn 


aetinn of small 




















soon which serves t0 regulate 4 
tuslaal oils, plays an anal 
the currents prayer at opps the variation of the 
primary current years that nal progress ex be 
mies in this fine, if the problem is ence poraperly states. 






































CHAPTER Xt, 
‘BIBLIOGRAPHY. 


In this chapter, the majority of articles on the induction, 

coil, whieh have appearesl, are arranged in chronological 

Ml wherever it is necessary, a short synopsis of 

given, Here will be found 

the suialesis uf the devel leas of the various 

authors, which it was impossible to give space to in the 
precestiny chapters, 















¢ the authors have been changed to 
correspuml with the style of this book as far as possible, 
0) as 0 favitiate the ruling, 
Proteswie of Natural Philosophy in the Col- 
“Jersey, Princets mt Janrnal of Scie 
st article by Henry referral 10 by 
miselt in the Stergeau's Annals of Electricity, ISA7, p. 282. 
2, Da. Neco—-Hillietvgne Universelle, INS. vol, 2 
He: referred to by: Masson, 
3. Hexet,—Commnnication to the American Philesopt= 
ical Siciety, Philadelphia, January 16, 1885, Reprinted 
in Sturgoon?'s Annals of Elestrécity. ASNT, p. 289 
4A Massos.—"' The imluction of a current on itseli.” 
de Physique of Chimie. 20 series, vol, LXVI, 1837. 























an 
pd. 

5. Vase." Method of inereasing shocks and experi- 
ments with Professor Heury's apparatus fur obtaining 





wars ant shucks from thy calusinestae."”  Sturgeas"s 
Ws freity, IS 2M 

8 CauAS =" On she Iest method of making 
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7. Srunceox.—Paper real belore the Electrical Sie 
ciety in London, Stargeun's Annals of Electricity, 1887, 
P. 








8. Hexey—Attiele on the stay 
magnetism. Piilasophical Magazine, vol. 1 
9. Massox avn Beeguer, jx —leatem 
August 25, IS41, Amafes de Uhysique et Chimie, 3 series, 
vol IV, 181, po 1 
10, Fiauav.—Compies rondus, March 
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ot. NIUE, Jol poAN. Societe philomathigne, 
April 19. 1856.” AIL these papers are reprinted in the 
Reaueil des travaux de Leon Prcaut, 17S. 
Foveavtr—Procesvshanr de ta Sovich’  philo- 
p. 105, 
nptes rendu, Yoh. 
Report on the yarn 
nr univerel, Septonston 14, 1864 
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the first application of this method in electricity. ‘The ceil 
stusied! by Mouton hal no primary conlenser, the oscilla 
tions Ining due, therefore, entindy to the seeondary. 






















DP, Wano.—Euglish Mechanic, W886, 
2. Svorriswoove.—Mlumephicul Mugaciie, January 
1887. 
2M. Furwixe.—The Klomiciae, Lomton, May 31, 1880, 
pss 


A tentative mathematical theory which leas to errone- 
ous conclusions. 
R. Come! 





Wiedemunnr Annakin, vol. 44, p. 109, 








tical stu 
A work which, unfortunately 
with well-known differential equations, the author 
es the results: Fir fhe primary’ esrcuit alon 

‘ty and covtlicient of selt-in- 
m: the difference of potential at the tenninals of the 
condenser and the primary current, have che following, 








ie hate kn 
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1 1a tye (eos at“ sing Gwe Hi. , 





ant Fey pon a 


Secon! for a coil with a emlencer short-cirenited 
haviny, therefore, an infinity secondary capucity. ‘The 


lary current # is given thus: 
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‘hind, for a coil with (he secondary elosed by a capacity 
6, without taking into account the capacity of the sec 
ondary winding, and svpyosing that there exists no cu 
rent in this cirevit, exiept the charging current of 
condenser « ‘The calculation in this case wives three soke 
tions, aecorling to the resistance r of the seomlary circuit 
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img current saperpusal on an qsesllitory current 
also decreasing, We have also, calling the term 








the difference of potential st the secondary terminals, £ 
and the value of the secomfary current i 
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i 
~ there ts a superposition of two 


oscillatory currents, tle period of different frequency anil 
different damping. We have, 





Finally, when P<: 





Lets) 
(see Fig, 26). 


ws 2A 
{seo Fig. 13) 





‘alley’ verifies this Hhewry by observations on the coil 
sith a revolsing mirror. he gives Ukroe very goed gietares 
of the phenomena. Finally. he also mals sume attempts 
to verti directly the form af the eurrent with th 
apparatus which Ie alls an" oscilhuncter,” whiel is, 
altinugh very imperfect, the first of the ascillographs, 
Tow Mou. Wiedmaut Anmalen, Beibhitter, vol 
SV. 1801, ps, 
Measures the muito 
squarks with the aid af the rev i phutogray hy 
mids that this interval increases as the stare uot of the 
Jength of the sparks, aud also counts the sparks by: mahiny 
them pierce a rapidly mucins paper, 























mil the intervals between the 





‘ing mirror 











ARMSTRONG F Review, London, 1892. py 
TS. Royal Society or Leadon, Maye 48, IN, 
Makes sume es im the eonmvetions ef cuits, 





Connects as many ae sie voit of Wem. sparks in parallel, 
Messurements qrite inaveurates the study is more oF less 








Anwacyat~ Industrie dleviriyne. March 25, 
ISM OT 
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Calculates the es. in the two cirewits of a coil by 
supposing the secondary reaction to be zero. This em.{. 
has for a maximum value 





i ve 
their ratio is equal to 7, that is to say, the ratio transforma 


tion of the coil, Shows that the high value of E, requires, 
«* good insulation uf the primary and of the secondary. 
Notes the importance of high initial speod of seyarstion 
of the points of contact. 
| FG. ALtson.—Induction coils and coil making. 
Spon, London, 1895, 
30. Lewis Waicttr 
Macmillan, Lonion, 18% 
BM, Norrox & Law 
March 6, 1897, p. 3 
‘A condenser of great capacity is connected on one sie 
tu the primary of the coil, and to one of the terminals of 
a lighting circuit, having an em. of 1M of 200 volts; 
the other terminal nf the condenser ¥s coanested alte 
by means of a rotating eommanawir to"the other 
teeatinal uf the ciceuit and the terminal of 1 
coil (Fig, 1). ‘The discharge of the cu 
primary sets up oscillations and pruchices enrreats in the 
secondary, The authors obtained in this manner with a 
Som, coil and a comlenser having a capacity of 
Inierofarais, 5-cm, sparks on a ZMteyoh 
acing the primary wiring OF Ue ev Wy anodier havin 
only 7) turns of large wine, they nbbtain eparke 15 om. bun 
Onexmece —Wistennonn Aamaslo, vol LNT 














The induction cotl in practival work, 


ict. Electrical Worhd, Now York, 





































1109. 

‘Tries to measure tirgctle the difference of 
the seeontary by: conesting one of the terininals of the 
circuit tw groum! am! the ether to. an insulate? brass 
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Sphere. A point placed before the sphere at an adjustable 
distance, discharges the sphere when the difference of po- 
tential attains a certain value. Observes that the rela- 
tion between the potential difference at the terminals of 
the ovo cireaits, primary amt seenmary, is about eanstant, 
it diminishes when the speed of the interruption increases. 

a3. BL Waren, — Wiedemann Anmaten, vol. LNI, 
1807, p. 300, 

Gives as above (No, 28) the simplified theory of the ine 
duction coil, inchiling the secomlary reaction. Verifies 
‘the theory by observing the form of the primary current 
with the aid of a Braun cathode tube, Points out the 
fact that the damping of oscillations at the rupture is 
very much greater than the eal 

4, Anoxs.—Iiedemaun Anmalen, vol. L 











ations would indicate, 


Il. 180 








P. 
Gives the following empirical law for expressing the r= 
sistance of the ruyture spark: 


Keak 





A” being the wtal resistance of the cirewit, the spark in 

eldest at the tine: J, iy the mnt 

ture, ante the tine which 

ami AY equal t 
Beginning with 

vf the current / 

function of 








I resistance befare: thee 11 
C riptine lasts between 
ya the tine, f. varies from (ta = 
his express 











he eateutates the vitue 
1 the em. uf self-inuction 
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35. E. Tuossox.—The Eleciical Engineer, New York, 
vol, XXIV. July %9, 1897, p. 77. 

Shows an arrangement of an induction coil intensfest to 
reinforce the action of the secondary currents. The evil 
has three circuits: The first is fed slirectly from a MM-volt 
circuit. The rupture of this circuit produces in a secomlary 

tof heavy wire, a very high value of current. This 
in turn interrupted by a second interrupter al the 
moment of its maximum value. It ix the rupture of the 
second current which produces the high ean.f in the 
third circuit, which is of very fine wire 

36, Testa —The Electrical Review. London, September, 
10, 1897, p. 3 

Deseribes an cletrie oscillator formed by an on 
induetion coil excited by discharges of a condenser of larie 
‘The arrangement is the same as that of Nertn 
& Lawrence (B. No. 31), but the rotating commucator is 
replaced by an automatic system. The model shown at 
this time gave sparks 30 cm, long, with a power consun 
tion of M-watts (sre Fig. 100) 

AP. Tuomas Gray. Industrie ekvteriyue, February 25, 
ISIS, p. SAS, 

Measures thy rice of potenti 
a suirk ins sir in twee phates, 
rmllimeters (see Fig. 49) 

WSC. E, Skivsnk. -Hleetrical Word, New Yurk, March 
1S, 1808, py. do} 
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4 pressin 





Measures the emi of a high tens 
Hevermines the eorresponding disru 
‘annealed points, The transformer 23 
simwsonial current wave. The figures vadieated by the 
effective values of cam.f; te eta 
therefire. all be 








15 a piractivally 









wes, they’ shea! 





ant 





Why. Five Figs. # 
TW Awmans ar 
HTSUS a. 
Viseasees the Waltor article (RX 
new eXperinients: The iewsurcanent ot th 
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105 INDUCTION CoLLs. 





difference of primary potential by sid of a spark micto- 
shunt with a conlenser. This difference of po- 

tential decreases when the secondary is in place, even 
When there are no sparks. Gives the curve of spark length 
a8 a function of the maximum values of primary current, 
Shows the presence of high frequency oscillations in the 
sparks by the use of a loop connected in the circuit (coe 
p. 80). Calls attention to the existence of an optimum 
capacity which varies with the coil and the interrupter 
employed 

40, Onexnecn.—Iiedeman Annaien, vol. LXIV, Apsil, 
1898, p19, 

Discusses the equations of Colley (No, 25) with the 
hypothesis that the resistance is 2er0 for the two eireuits, 
which leads to 

















(TZ 
ING 


if the sccomlary capacity is nephgible; 





a 





2 





ee 
if there is rexonance between the primary and secondary, 


LC = leur. 


a) 





if the seconiary capacity is very great. 
Stuilies the disruptive voltages under different coniitions, 
Fiuuls by extrapolation that aberst 200,000 yolts is neces: 
sary in over tw obtain T mete sparke Degween a bhunt 
negative point and a positive eonductor. Thinks that the 














spark discharges and the brush discharges are two distinct 
phenomena, 

41. T. Mattxo.—Philosophival Magatine, vol, XLV, 
May, ISS, p47 

One of the most important experimental researches made 
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fon the induction coil, By a series of systematic measure- 

ments, Mizuno puts in evidence the fact, little known 

before, that for a given coil and a definite current value, 

there is a definite value of primary capacity which gives 

the maximum length of sparks in the seconvlary this 

value is the optimum capacity; above or below this, the 

length of sparks decreases. ‘The tables in the curve 

he gives, shows clearly that the sptimum capacity: varies 

with the value of the eurres 18) 

W. BP, Bovstos.—Philowphical Magazine, vol 

p. 312 
ative study ofthe figh frequency’ induction 
test on a Tesla transformer 

late, vol, LXVI, 1898, 




















coil. Calewlaitons any 
43. B. Wa 
p. 62 
Studies the secondary capacity of a coil by observing 
the oscillations of the field created by the coil; this ca~ 
pacity is 1.1 10 microfarad, the enetficient of self-indaction 
being from Sit G20henrys. acconting to the saturation of 
the iron; Olarhwck obtained by calevlation, 4 
reater valine tor the same coil, The study of anot 
ings Walter ty the conclusion that the secondary yscilla- 
tions predominate in large coils. (The soundness of this 
pinion is questionable, the curves on which they” test 
appear to show a fault in’ the coil) He atu 
great importance te a damping factor of the esciMations 
which has a higher value than that which ke assieas it 
in the caleulations 
44 A. Wenvent—Blectroteclnische Zeitschriji, Borin, 
January 26, 18983 
‘The first deseription of the electrolytic snterrupy 
5, WAasoxvaL.—Comptes rendus, February 
alls attention to the Webnde interrupter and gives 



































cof its eharacteristien 
46.11 Denese Comper revs 

20, ISAS, pT. 

Notes the inerease in the mean current val 

introduces the primary of a coil in the circuit of 

amesrupter. 





ins. eal, CXNVHL, Ma 





e when be 
1 Webrels 





















































INDUCTION coms, 


17. 8. Thosrsox. ~The Electrician, Lenton, vol, XVIL, 
Mareh 5, 1809, p. 171 
Invrease in the pressure of the eketmlste in the Wehnelt 
interrupter sfiministes the frequency: of the interruptions 
increases the mean value of the current 
AS, Testa—The Hlevtrical Review, New Vork, 
1s, 

















Review of recent 
that the results ob 





whs by Tesla, Points owt the fact 
nel are better when the secen 
wire of the transformer and the high frequency transformer 
has a length equal ty one-quarter wf the length of the 
oscillations 

49. Onenaen.— I iele 











tant Annalen, March, 1899, ». 


Measures the disruptive voltage erwin the point ant 
the plate up ta 15 em, distance, it is mene artvan 
ty have the point ne; and the phate js 
that the disruptive voltae is less when tHe sant is positive. 
SMA, Bospen—Compter rendus, vol, CNXVUL, april 
4. Ise 
vidies with 

















seth an the dif 
termine of an davtuetin 


Al a ye a conflict of xelfcinduen mi O20 08 





ah, the eurre 
Ht potential betyren th 












esumes that 1) 
ge at electrolytic condenser turns? at the ante, 
this is destrovol ly the mytus. ~:ark 
Bagy,—Comples rendus, vol, CNNVI, April 

















ieee phe 1 the © 
simple slovrtedesis 





Webs 
1 Howe wultace, the W 


1 it 
tie 























heweestcna for the anus valttes> tinal phenomena 
Aesertbedd by Messrs Violle & Chassigny (San ix tor si, 
tlhe tewsanedesten Patino sige oy Me gil 
Gives a chart showing the mits ot the igerent phases 
tscatvd Se ssuryiage she sesisaimee ated wont af st 
induction af the eivowit Gow Rig, 7 

2X Le Rev Comptes wendios, ool CXNVIN, April 


10, 18, 995, 
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The slvcrease and increase of pressure cases the Wehnelt 
phenemena t0 cease: 

BA ML Awayonat.—Hetuirage eectrigue, vol, NIX, April 
15, 180, p45. 








Tnticates the form of the primary current in a cei 
operate! with a Webnelt interrupter. Observations made 
with an Abraham rheograph (ce Fig. 44) 

HA Kanu & Ercnner—Zeitselrift fur F 
April 16, 1899, 

Snuly the operation of a Wehslt interrupter using 
altemating current. With higher resistance in the circuit, 
there is a uni-diretionsl discharge: with a smaller resist” 
ance, the number of discharges deereeses, with an inductive 
resistance the effect is more intense in one half-wave than 
in the other. 








sctrotch nt 














BA | Cagpenrter, ~-Comptes rendus, vol NVI, 
April 17, 1899, p. 98: 
Desenbes a model uf the Wehnelt interrater operating, 





at Inv voltage with a warn electratete 
56M. Amwacxar.—Compre rendus, val 
April 1 1899, p, ASS 


CXNVIT, 











Stiuss that there are ny oscillations ae wap any 
ruprane of current hy a Wehude interrupter, while on the 
conteacy shy sseillations appear as sain as eapaeity is 
conyate! tie the terminals 





sustena enatzely: by the cali 





ic action, 





hans the phe 




















eletendysis amt the of polarization playing in 
The teandescence nf Ue gas gives nly the pink color 
Himervod at the anude: its caused by the rupture spark 
which ss forme ja fh emsaliper of eteamn alee the ane 
Mt : 
a sony a 8 tc 
‘The em (, generated in the sceunlary is proportional to 
the saree of the mumiber of seca tary tens tr the mim: 
ler af jomaary tums 





AT. Watinie —Wiakoneme Leman, vel NINE. 1500, 






















































































00 INDUCTION COILS. 


Photographs the spark on a seusiive plate, moving it 
Yaralll with iteclf; under these conditions each discharge 
is decomposed, aavt it seems that it corresponds to three 
for four sparks in the same direction. Hefore the complete 
formation of the spark there is produced several attempts 
which manifest themselves at the ples in the form of brush 
Uischarge, the lengtl of which increases until the spark is 
formed, 
5S. H. Ta, Ststoss Wied 
June 1899, p. 
Divides the period of the Wehnelt interrupter into two 
parts: The first T,, through which there is an eketric 
curreat; the secon, is that of the interruption. For 
fa given interrupter and a constant temperature of elec 
trolyte, this secon! term is a constant, T; ~ Cy Soy 
hat a certain constant quantity: af 











ann Aimnalen, vol. LXVIUL, 

















on the other 
hat is necessary in order to produce an interruption, 


7, 
fierac-c, 


v1 if the resistance of the cireuit is constant, 








we can wri 


total period is 


ze 





39, HL. Tn, Sios.—IWiedemaen Aanoen, vel, LNVUL, 
April 19, 4 
German pate 
interrupters j 
GH TL, Apmainan.—Siviett francaise de Physigne, May 
Fo 1SW, Bulletin, pH 








lative to the eymenctrical eleetralytic 
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Charges @ condenser with the aid of a high tension 
transformer ans observes photographically the dischane 
of the condenser betwcen the two vletrodes. The fre 
queney of the sparks increases with the value of the 
current 

In each hali-wave the sparks come closer together, until 
the moment when the (iflerence of potential is a maximum, 
then they come further apart, 

G1, Carowett.—The Electrical Review, London, vol. 
NLIV, May 19, 1899, p. $37. 

Describes an electrolytic interrupter, with a hole similar 
to that of Simon, 
The Electrical Review, London, vel. XLIV, 











Studies the interrupter pointed out by Caldwell, and 
noted particularly the rise of the cletrolyte produced 
in the tube. 

it Erxst Ruumen—Elekirotechnische Zeitschrift, voh 
1899, p. 787. 

Verifies the formula given by Simon (8, No, 31) and 
fis the resistance amd voltage constants for periods equal 


; T=AL+B. 


Por k= t 2 
‘The calculated frequency: in: 293 264 
The ulwerved frequency is: 220° 202 307 




















54 0, N. Conatso—R, d. Lincei, vol. VII, December 
AT, 1899, p, 352, 

ts ta thethermie theery advanced by Simon for 
electenlytic imermupters Calls attention to the follow 
xperiment; An inp coil without iron being 
connected in a circuit with an interrupter without other 
selfinduetion, the current simply elvetrolyzes tlie liquid 
the act of introducing an ron core inte tle coud priduces 
interruptions, 

Wenveit & Doxari—Wiete 
December, 1800. p) Sf 




















nm Arnnalen, wh 



























































02 INDUCTION COILS. 


Gives differsnt curves for primary current in coils with, 
the Deprez aml Webnelt interrupters. Observations made 
with a Braun cathode tube 

(6. B, Waurie —Fortschri 
sgensirablen, vol, 11, 1889. 

States that there is only hysingen at the cathor 
the Welmelt interrupter, and that a mixture of hydrogen 
and oxsgen at the anode, and suppnses that an explosion 
fof the mixture prevluces an interruption of the current 
Awacsar, trique, vol. XXII, 
HM, p. 

‘Theory of the rupture spark; this spark does not form 
hen the geumetrical rapture taker place, but Tater. The 
cnnaquence i¢ that there is a certain capacity which gives 
in each case the masimum length of spark as was proven by 
Mizuno who obtained carves giving nearly the theoretieal 
form of the current of rupture, 

68, E, Reuse —Klektrotecinisa he 
April 28, 1900, 22 

Observes the squirks by photoraply: ane fin 
irregularity witty tle Welmelt, but less with th 
interrupter 

69. KR. Joussox.—Drade Anmatew, vol, 1, May. 
yoo, p19, 

Discusses the theury of Arons (BL No, 
Sistanee of the Ruaptsire Spark.” 

70. KR. Joussox.—Phifosophical Moguzine, val. 4, 
1000. 9, 

Verifies experimentally, the law of the spark lengitt 








anf dem Gebiete der Rent 





























itschrift, vol XXL, 
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finde it peopart 





nal to 
Fe 


reine, vel, BM, AMI, 


Th. Buarrie,-Philosophival Muy 








jos the experiments of Rijke an the influence of the 
poles of the interrapter and its rel 

Mf the secondary spark. Me measures 
ary sparks obtained with the eirenit 
used, and finds that this length decreases with thie volt- 


Ve 





nature ¢ 
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age of the enurce, On the other hand, at the moment of 
rupture, the length of spark decreases when the voltae 
increases, at least with the platinum contacts, ies 
the optimum capacity with different. metals as contacts 
in the interrupter, This capacity: is the smallest, and the 
secondary spark is the longest, when the contacts are of 
vatinum ; copper, zine and carbon require greater ca 
which inereams in the order indicated. Gives tables and 
curves showing rosults 
KR. Joussos.—Drude .timulea, vol. TH, 190, p. 
488 and 744; vol. LV, 1901, p, 187, 

Starts from knowa differential equations and by making 
assumptions which are not justifiable, determines th 























qr 
em, becomes zero without magnetiv leakage, or, AL 
THB, Waurea —Puvdsbrine nn} som Getiete der Kent 
genstrahen, wh. WW, January 28, TAIN pod 
Shows the injertance panicala with’ the Weoelt 
Taterrapte, of ropa of cise 
tmaner thatthe ea, prec 
the creat, and that the ruptan 
‘Mvises the use of a primary I 
te connect 





‘nif. of self-induction is proportions 1 











ag. the eewicies 






JF the moment of elasing 


is tie 


as possible, 
jour wires which «an 
ther in various ways 
4. Fe. Kuve: islirift jur Electrochemie. vol, 
VIL. May 22, 1901, p. G42. Verdundfangen der Xutur 
Jorschenden Gesellschajt, Bale. vol. NIU. 

Determines the disruptive voltage necessary’ for long, 

rks by measuring the primacy voltage by the lenyth 
of sparks between the terminals of the circuit and nl 
piving by the ratio of transformation, This method, which 
woul be exact if the primary and secondary sparks were 
formed exactly A combuets co a singular 
onciusion: He finds that the disruptive valtage increases, 
with the value of the primary currant. that is, wi 
magnitude of the seconfary ark, 
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Musisaneen. Doctor thesis, Paris, June 25, 1901 

The character of a spark dep resistance and 
coefticient of self-induction in the discharge circuit. The 
sparks pronducrd in the air at ordinary temperature, by a 
discharye of a large capacity. present this in thtve lorms: 
Ist, ordinary sparks;2, intermittent sparks: ‘sl, aseilatory 
sparks. 

By photographic observation with sensitive plate having 
@ movement of translation yreater than LMI msters per 
secon, the author proves that the ordinary syark is com= 
posed at first of a straight luminous path, which is the 
first discharge, followed by curved lines niore or less mu 
merous which correspond to the auroral discharge. ‘The 
luminous path is produced by the incandescence of the sir 
broken ilown by the discharge The space ie alterwarde 
filled with metallic vapors: siven off by the electrodes in 
such a mannet that the spectrum of oscillations is simply 
that of metals 

When the resistance of the sack is increase, the mum. 
Ler of oscillations diminishes Uitky by Tittle, the discharge 
finishes hy I 
































ming aperialic. If we increase the resist 
ance still more. the dise! 4 
intermittent, the quantity of the metalle vapwr formed is 
smaller, the spectrum of metals is nv longer fond except 
in the ncighburkood of th 

IF the resistance is replaredt by an inductive reactance 
which is varialle but without the use of fron, the 
path be 
there 
charge is obtained in which thy 
more numerous than in the ordinary spark 

With a very high covticient of we he 
aninows path slisappears, the wurera remains; then the 
sywcetrum is entirely that of motal 








ivisles. the xparks become 


electrodes, 








«fainter, the aurora bocomes more roxas, and 
al 








is preponderance of m 





vapors, wscillatory ie 


cillations are slower aad 











Intrvaluctin 
spel of the oscillations and shmnishes their manabwr, the 
damping Ireomes more enengenie The Foucault eurn 
whick slvelop in the core aml the coil, have analogous 





irom intes thee dnetuction evil seereases the 
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76. Miws0.—Drude Annaten, vol. TV, 100, js. SOT 
Calculates the effect prinlucel by a nuniivluctive re 
sistance R conneeted in shunt with a con 
charged by a primary current from an induction coil 
his resistance produces an inerease in the apyyarent re 
sistance A’ of the coil and a diminution of the apparent 
capacity C 














Rar 





Q 4. * 
Ra Rt etl 

The presence of the resistance r increases the damping 
of the oscillations, and if r decreases below a certain limit, 
the discharge becomes aperielic 

77. Mizvs0—Philosophical Magazine, sixth series, vol 
1, 1901, p26, 

Studios the ro tof selfinvluction in the 
Wehnelt interrupter, and conchides that the spark at 
rupture is necessary for the wperation, beeause it slestroys 
the layer of steam which envelips the anode. 


78, M.A. Comp.—Electrical Krview, Lonton, November 
15, 1901, py 789. 


of the exe 














Puts two Webnelt interrupters it series ats! ubserves 
in the Tength of sparks a 
6 put in parallel operate in synchn 
Lon Ravtecn—Vhilosophical Max 
December HM, p, 





The intern 





1 the fresqueney 
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Noto} that a part of the energy stored in the evil cannot 
be utilized when there is mayneiie leakage 
Studies the rote of the iron core, and shows that its ae~ 





tion is evmpletely mullitied i 
the iron Ios 
Lin at As soe 
apart of the ener iron is tendered sewalabh 

t item ruptnte of the primary ¢ 
hewstinng it apart ath a yun he 








Airely elose anergy which, 











wunetec circuit is ered 






ec proiaces a 











st sparks 





with an endinary interrapior ard the «4 
rayon a * 


80. J. Trawisnie—Phibsnpleieal Magazine, vol. NL 
April 1902, p. 39 


INDUCTION cous. 





Deserilies an electrolytic interrupter in whieh 
anode is given a reciprocating movement 
way’ that the area of the part i 


wire forming the 
along its axis in such 
mersal in the electrolyte varies rapidly. 

Physical Review, vol, XUV, June 12, 








sperimiental stinly an the influence of the iron core 
n the effect of the capacity in the scmedary. 
periments all made with en 

) nivel results, 
tive theory for the rupture spark, 
that this cannot hapy 





second part is the a 





u if the increase i 








te think that the rupture should absorb all the enerey’ and 
that none would be found iar Uh 

is the author destruy: this theory 
AARMAGNAT.—--Evhuinage 























Diets he mm 
Klingeltnss, atvl others 
iv the results fun 





Explains by sctianalization the 
Walter amt Oberbeck 
‘ty wf the secumtary, 





there may exist sbfferences im phase betworn the currents 





mis whieh tem tw diminish the tomy 
Ne extends thy 





oner of a twenticth of the 
dives aluwt the same 








fof the magnetic circuit 








Ives. Physical 











eptinnn capneity 





Fhe mereury an 
Vasaesar.—Filai 











curves produced with a 
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Blonrlet oscillograph; shows that this curve verifies the 
theory of the rupture spark, ‘The conclusions of this 
study’ are 

‘The damping of the first oscillations is duc te the sparks, 
the primary as well as the secondary. 

Hysteresis appears to play an imporiant rile in the 
damping of the following oscillations, 

The osciflations are nor simple, at least not alwa 
they are the recultant of several oscillations of differen 
frequencies and damping confficients 

‘The secondary current retards the demagnetization and 
may’ trouble the operatina of the interrupters 

The ems of induction developed in the tw circuits 
are, everything else being equal, functions of the resistance 
opposed to the sparks and not only a function of the 
masini current valve in the primary: 

85. NmNotice sur fir vie et les travane de Ridonkorff 
1003, published in honor of the centennial of his birth by 
the Sovretr des Electriviens dn Hanevre 

Ni. C Wate —Eletinncchnische Zeitsehrijt, wit. NXY, 
Janvars 1904, 

Foe the mean valus, the aw of disruptive “oltage as a 























function of the thickness af the dlilectrie may le repre: 








seme by’ the formula, Ed. e being evmstiant 
ST J me Kowausey Comptes rendus, cul. CXNNVIM, 
Feleuary 22, 14. p. 1 





Messnired the disruptive distances in the air between a 








isk 158 puelimetres im shameter and a sphere 20 mniti- 
moter in both being of brass (see Fis 4). The 
source of ect was A emlenser chanted by continu: 





ous current no The following resalts. were obtained: 














SS. Eqxer Renaeg —Agustrattins. Ha und Benich tom 

















208 INDUCTION COILS. 


Description of most of the types of German apparatus; 
ws for their use; and their appli 
{IN figures, Hachmeister et That, elitors, Leipzig, 


fon to radio- 





raphy 
19M. 











sine ~E 
Paper read before the Aaadentie des Scienves, Febra- 
4, 

Olnerves the sevonfary spark of a coil operating with a 
Wonelt interraptor 
tional discharge at both make and break of the circuit, 
aan that the frequenes of the interrupter, when determined 
by observing the secondary spark with a rotating mirror, 
varies (rom 409) to GN) interruptions per second, instead 
of from Wn 0 15010, as vas formerly believes, The high 

11 hy measuring the pitch of the 

note prrubacod by theinterrapter, The author thinks itis 
possible that two explhnions take place por interruption; 
fone when the gases fort, ant ene when they cw raptared; 
a ninte whieh Has double the frequency of the 
smuptions 
Gywistiiak—Anhivs d'Rletrivite mative, Apa 10, 
dante 2 














Fine that there ie one unidiros 

































The yas Iubbles disenzavesd hy the eleetrotyss of the 
liquids in the Webnelt interrupter pros 
the esistance, an there is a certain surtue alyat the 
platinum point where the density of the current isa 
maximum; x ison this surface that the heating and vapor- 
ization of the liquid tikes place, and therefure the rupture 
of the cirenit, The surface in question cannot be in con 
gh the platinien, ‘The awthor admits that the hae 
sus pheaomena of the envelope is produce! between 
twy layers of the liquid and that the anode is wot heated. 

Jains the rapidity at which the contact i Te 

‘The observations of as bubbies shows thar 

sgulie manne sist generally 
1 plunger 
































they are disengeygeT ia 





moving in a plang perperticular tu the patie 
aml at ite middle 
91, Broca & Tercuisi—Bulltin de la Societe énter- 


nationale des Electriciens, April 1904. p. 2 
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Studied the form of the establishment of the current 
‘and the rupture by means of a hospitalier ondograph. 

2K. K, Jouvsos,—Comptes readus, vol. CRXXIX, 
September 5, 1904, p. 47 

Constructs an interrupter of the Simon type by the sid 
fof a glass funnel tube of which has a diameter of 7 milli= 
meters, and a length of 10 millimeters. This tube is fast- 
‘ened on to a cylinder 75 millimeters in diameter, and all is 
immersed in a larger receptacle filled with alum and sil- 
Phun acid, An electrate of aluminum is plunged in each 
vessel. When the apparatus is connected to a circuit of 
110 volte, bubble of stcam is formed in the tube, the eur- 
rent is interrupted: afterwards the bubble escapes to the 
interior evhinder where it ts condensed and the current re- 
cstablished, This interrupter operates very slowly and 
indepeniently of the constants of the circutt 

3. Eiekirotecknische Zeitchrift, vol. NXVL, 1905, p. 382. 

Description of an interrupter wsed wath induction coils 
to provluce high frequency discharges. The apparatus 
stanis ap well under service; the only: deterioration being 
the consimption of the carbon, With this interrupter 
heavy discharges at mavimum emf. can be obtained 
Fig. 1 shows the method of connecting the apparatus; 


























Fie. 





€C are carbons; M is an electromagnet; XN, and X, are 
condensive and inductive wactances respectively 

4. A SowueR.—-L'bndustric icctrigue, vol, NUL, 1904, 
p. a3, 

Describes and gives sHagrams of apparatus for 
producing high frequency discharges; a clove) magnetic 
Gireuit coil is used 























2 INDUCTION COILS, 


35. J.C. Munnar —Electrical Review, Landon, vol 
XU 1906, p. 129, 
An experimental study of the cond 


x 









ions for sparking 
jcrrupter contacts, Includes a method for meas 
the eapacity of a evil 
46. WP. Leer asn LB. Weeks 
XLVUT, 1906, p. 214 

Insiruictions for the construction of a Ginch (15-cm.3 
induction coil 

97. Wiuttas 0. Evny axp Menvitie Eastitam Elec 

ieal World, vol. XLVI, 1900, p. 1 
vet theory ant method of designing 











ctrival World, vol. 








Iuction 
y and the profuction of x-rays. 
aS, F.W. Serivcen.—Electrical World, vol. XLVI, 
6. pp. 995, 11 awd 1242 
evry operation and tests of induction coils usu 
nite fas engines. 
Wins 0. F 
107. pp. $00 and 
Complete instructi 
vil for all around use. 
tno, EW. Euxenr --Klcttratechuih und Maichinentan, 
vol NNV, 1907. pp. 347, 3401 and 
Thesry amt desig 
Practive uy te date 


















ny. —Elecrieal World, vol. NLIX, 





4 





i the construction of a 12inch 














of mduction coils; lem a resumé of 














ir we Electrical World, wu. Lee VT. 
16: 

‘Treaty the design and yerfurmance of spark coils fer 
operation in the contact, the jump spark anil the vibrating 
jams sparks 4 

m2. 0, ‘iectrivad World, vol, 1, 18h 





765. 

‘Treats the energy tran 
as exyyanes by the ev 
shows the tel 
the 





stoi in inh 








taystam, Gives test results and 





ins existing between the peril nf eu 
Hicient of selfinisetion, the emf 
gy Store in the 
uur for detemining the 












gives the follows 


BIBLIOGRAPHY an 
cof dry cells (1.5 volts per cell) requited for a given service. 
n= OAT+3, 


wherein Tis the number of hours of aperation por day. 

Wik. J. G. Cuanver—Belairage cletriquc, vol. LIN, 
WHT, p. 488, 

Describes an jxwition i 
Longe. Pig. 2 shows a achematic diagram of the connec 
tienes 1 ie an ioutom cil; g an auxin spark pap: CC 
condensors; Ra high resistance representing the leakage 
twsistanee in shant with the spark plug P. The con- 
densers being conneetel through R become charged to a 


sstem invented by Sir Oliver 








o -z 


ly 4 


Fic. 2. 
































to the masinsem emf generated 
be the ea ort tH enrespomtins tv thecal 
enuf, of the gap. ¢ When the spark is fnrmed at g, full 
emf, is impressol acnuss the spark pia P. Ii K is tov 
great. the chi it 
Js tow small, the cureent across the plus: "is reduced. ‘The 

i 














my rate of the comensers 1 reduced, 








antag fn this system lies in the fact that earful 
tron of the high 
wa W vos 
S. 1907, p60. 
Deseribes & new form of hole interreptye 
for nunths without giving trouble The shay 
wade ub thin porcelain thinibke-sixayes! cules, having 


siuall perforation in the bottant from } te 2 millimete 









uyavis-—Phsicalische Zeitscrijt, ut 











which epentes 












Hhameter. Each thimble i incerta! in the } 
beaker ina hols, forosd to fit-and hell inp 
piece of rubber tubing, whieh st 


beaker is placed in a short vessel which nti 














2 INDUCTION: COILS, 


kind of liquid as does the beaker, The electrodes are thin 
leaden coils wound in spirals, ene inside and one outside 
the beaker. The latter it co bent as to envelope the lower 
portion of the thimble. The two ends of each coil emerge 
from the liquid, and during operation of the interrupt 
they carry a current of cold water. The beaker may be 
fitted with several holes in the bottom in which thimbles 
can be insertul and kept in reserve by closing them with 
rubber stoppers. When using the larrest size hole, the 
author operated the interrupter satisfactorily with 12 
amperes, 











INDEX. 
A.B.G. menury Unbine inter Construction of inluction cos 
symhronots turbine fater- _ ulimuerruptes, 119 te 150 
: Cnkactedebation 8 
‘ath iimit, 





ater, 1 
‘Aster automalnle ignition, 182. Conitemoulins & Guife’s inter 
vupter, 135, 
Bauer's law. 74 Core dimensions, 108 
Breal pent 19 eo 2 fect vf, 49, 
Building ap curves Counter em. during make, 18 
‘Crookes tabes, often 
Coreen density. 10a 
dvoharge. shiting tent, 
ering make 18 




















Damping of osilations by spark 


4 Arsonvat high frequens cane 





Characterstie caree 0, 
Chet breakers Vt 
Calera treatment of the break, 


Gane high frequency tran 
former. £33 















forma, tt 





cecum emiteon, 1S 
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trolytie interrapter, Mi 
sven ta 










Intersinnection of evil 
Tugcerapnerse 


vets 











jalan tube, 138 
ten tiots BM te 130, 





cotttraction. 138 
ut 

iret, reversal 
USperimental realty 6, 
Et Of Spitestin, 143 
Frosjuenet 

hheateng. 142 

Tis sebastien 145 
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Micra, 6 
fpreccure eter 
Steel aire, Mi. 
NSvjeratare, effort, 65 
ifrratare ise Wt 
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Nitrating imternpters, 180 
Tole ean fee 2h 


yess. 1 126, 


Wilt 





Uae Wt fe 18 Inventor 
Trea ote 


ves theory, $4 





tole, dimensions, 
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Jiratka Lev elevtrolytie inter- 
‘rapter 1 
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wind tion, 9 
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Mx Lees mercury turbine Jn 

Cerrapter” 1 

Magnets win, 1 

Magnetising fone, 110. 

Magneto at ca etition, 18 
tenn of ignition con 

‘littans Dt 

Make sai break fexition, 183, 

Make prriode 17 tI 

Margot interior, 16, 

Seale voi 

Bremurs: yuienigatiom, 190, 

Men's experiment 30. 

Bloor antertapser. 136 

‘Oyen ciate) bation, 9 
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entdatation, 3 

iat vance by second 
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Simon-Caidwell, acs ely 
iste interrater, 148 

Spark at intermpter, ai, i 
ing, $8 





spatk pg, effee 
Sak fat 
Spank, 73 













see 
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frith aiid interrupters, 82 





Tamperatars see of tetection 
eat 








Peiveinte 
Rranclormution coefficient, 








Types of induction cols, 113, 


alpoar ects, 10, 
Uses of induction coils, 164, 





Vitlrg, ae. interrupter, 146, 
‘cathode valves 173 
Smtermupter, 12. 

fe jet interrupter, 138, 











g outfit, 
elegeapiy, require: 
ment 170 
Kerays, 1. 
Tries nection of cure 
it 
interrupter eutolie for, 173 











